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ing of any ordinary Capacity. 

| CONTAINING _ 
The Doftrines of Arithmetich, Geometry, Aſtronamy, 
Gauzing, the uſe of the Sector, Surveying, Dyat- 
ling, and the Art of Navigation, Cc. Illuſtrated 
with ſeveral Cuts for the better Explanation of 
the whole Matter. 
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7 


by V. Zickering;Merchant- Adventurer. 


Io which is Added, 


Meaſuring Surfaces and Solids, ſuch as Plank, 

Timber, Stone, &c. Joiners, Carpenters, Brick- 
layers, Glaſrers, Painters and Paviers Work: 

Each Propoſition being wrought Yulgarly, Deci- 
mally, Prafically and Inſtrumentally. 

With a Small Tract of Gauging Wine, Ale, or Malt, 
without Inches, or Dizifion, by which any on 
may Gauge Ten Backs, or Floors of Malt, in 
the ſame time another ſhall Gauge One, by the 
way now uſed : Altogether New, and ſubmigted 


to the Cenſure of the Honourable Commiſſioners of 
Excij e. | a j 


| 
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Made Plain and Eaſie to the underſtand-| 


After aNew,Compendious, Eaſy Method, | 
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TO THE 


_ INGENIOUS. 
HAT which deters many from 
* attempting, and the moſt from 
_ _ proceeding in theſe Studies, ts, 
That they are wrapt up in ſuth a Labyrinth 
of hard Morde, anel difficult Terms of Art, 
that a Man may be faid firit to learn u 
Language before he can come to the things 
themſelves : And when he hath cracke4 
the ſhell ;and comes to the Kernel the ſub+ 
ſtance of the matter doth Lye in ſuch aChaos 
of Confuſſon, I mean in ſuch a ſcattered 
1methodical, and unintelligible way of 
handling the ſeveral parts apart, that how 
theſe do Hye in the whole Body, or how 
one ' piece "depends upon another, for 4 
young beginner is extream cliſſicult to un- 
derſtand if not paſt finding out Indeed 
AY feverat 


To the Tngenious Reader. 


ſeveral men have writ excellently well of 
ſeveral things, and ſome have writ of all 
the ſeveral parts of the Mathematichs, 
Topically or Independently under ſeveral 
dliſtiudt Heads; but I have not yet met 
with any perfe# Analyſis of the whole, or 
ſuch- a Co-hærent continued Method in 


theſe Mathematical Arts as could le 


wiſhed ; In this ſmall piece (therefore YI 

bave endeavoured to remedy theſe incon- 
veniencies, and ſupply what is defective. 
Firſt, For the Terms of Art, and thoſe aß 
feed miſterions ways of expreſſion, I 
bade either avoided them totally, or ex- 
plained them ſufficiently, though whilſt 
J endeauonr to ſpeak more plainly, perhaps | 
by forme I may be thought to ſpeak leſs | 
Eearnedly; but if hereby Tattain the end 
Laim at, I matter not; which is to be 
underſtood by any. that. underſtand Com- 
uon Senſe, and Plain Eugliſb. 


In ibe ſecond place, I have endeavoured 

tobringthe Mathematicks into one entire 
Method, whereby, you may. ſee how neceſ- 
ſarily one part is Co-herent and depen- 
dent upon another; and ſuch as deſire.ta 
 fludythem praceeding Methodically from 


G71C 


To the Ingenious Reader. 


one thing to another, they may be greater, 
Proficients in <0” days, than otherwiſe 
in many Months 

all their Lives, without ſuch a Method, 
Laſtly, In all this, I have uſed ſo much 
brevity, and withal, ſuch perſpicuity, that 
Caccording to my own weak Judgment 
and Underſtanding) there is nothing in- 
ſerted that could be wanting, nor any thing 
wanting that need be inferted : In a word, 
in the reading and ſtudying many Authors, 


what I found excellent in any of them, I 2 | 


collected, and in moſt abbreviated, endea- 
vouring in fewer words to make it more 
plain and eaſie to underitand + And af- 
terwards I have reduced this heap of con- 


fuſed Collections or Miſcellanies into one p- 


perfect and entire Method, in every thing 
endeavouring ts male the Body of the 


{ Diſcourſe correſpondent tothe Title-pages 25 | 
| Hoping that this will anſwer both ay om nm 
and the Ingenious Readers juſt expecka. 


tion, and ſhew both a nearer and. clearer 


way to the underſtanding the Mathema- 


ticks : That fo all maybe allured by the 


plainneſs and eaſineſs of theſe Arts, and 
Perſons of ingenuity inamoured withthen 


fo : | 
* 
1 
1 
A - 
Ec 


„ nay perhaps, then in 8 | 


To the Ingenious Reader. 

for their uſefulneſs and delight ; and ba- 
ding ſo readily paſſed the Porch, and 
got over the T hreſhotd, they may have both 
time and opportunity to build rare Super- 
ſtruckures upon theſe plain Foundations, 
and may improve theſe Arts even to mi- 
raculous Effects for the finding out many 
rare Inventions yet un{nown to the World; 
whereas many ( otherwiſe excellent wits ) 
thorough their abStruſeneſs have ſpent their 
whole time before they could attain to the 
undlerſtanding theſe very Rudiments, And 
hereupon I thought this not an unneceſſary, 
nor an unuſe ful piece of work ; and I doubt 
not but it will be acceptable to ſome, tho? 
many 1 nom will be ready to cenſure both 


the Book and the Author; As for my ſelf, * 


T have been fo accuſtomed to be miſconſtru- | 


ed in all ry Actions, that the wonder would 


be, not to be ſo in this; and indeed Ido 
fo little value it, that I can ſmile in diſ- 


eniſe, to ſee the moſt ſo much miſtaken, en- 
cleavouring in the mean time(as near as I 
ran) to approve my ſelf to Conſcience and 
Omniſcience. For the Bool no doubt, but 


Carping Momus ay pick ſome Criticiſms | 


ont of it to (narl at; but I hope of no great 


moment; 


F 
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moment; indeed the beſt AFions of the 
beſt men are ſubjedt to Detraction, eſpecially 
their Writings. A detractione neminem 
eſſe immunem niſi qui nihil ſcripſerit, 
ſays a Reverend Father of our Church z 
Tho. Epiſc. Covent. And it is well ob- 
* ſerved by another,Facillimum quidem eſt, 
e fuit ſemper, alienum opus reprehen- 
dere; ſed non perinde facile, aliquid 
ſimile aut præſtantius conficere : And all 
that I ſhall add is that of the Poet, 


Carpere vel nol! noſtra, vel ede tua. 
Or as it may be Engliſbed, 


Either Commend me, or come and mend me. 


— $1 quid noviſti rectius iſtis, 
Candidus imperti, fi non, His utere 
mecum. 


Vale, Vive bene beateq; 


THE 


THE 


DR F A C E. 
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INTRODUCTION. 


HE LIBERAL ARTS or 
SCIENCES are reckoned 
Seven, Grammar, Rhetorick and 
5 Logick , Muſick , Arithmetick , 
Geometry, and Astronomy. Theſe May not 

unfitly be divided into Two parts: 
Firſt, The Scholaſtical, or Speaking Part, 
* Gr amy, Rhetorick; and Logick. + 
F Secondly, The Mathematical, or Meaſu- 
| ring Part, which comprehends Arithmerick, 
Geonrry, and Aſtronomy, 
* Mnuſzk which is.utually placed i in the mid- 
dle, partakes of a middle or mixt Nature 
7 berwixt-cheſe Two Generals. For quoad 
Jenum it may belong to the former, to wit, 
the Speaking Part, being; an inarticulate 


kind of Speaking : But quoad proportionam to 
ul B the 


2 * 8 


the latter, to wit, the Meaſuring Part, con- 
ſiſting chiefly in due Meaſures and Quan- 
tities. | 

It is not my purpoſe at preſent to 
ſpeak any thing of thole which I call the 
Speaking Sciences, only ta ſhew how proper | 
this Diviſion is by their Definitions you may 
take them thus; Grammatica eſt Ars rette 
Loquendi, Rhetorica bene Loquendi, Logica 
bene Difſerendi, 


The Poet diſtinguiſhes and commends 
them thus; | | 


G. Grata quidem Ratio eſt concordi voce 


a relata, 

R. Gratior aſt Ratio, veniens ratione ve- 
* IS... Ne "BY % nmuſt a. Ny 
L. Grata ter eſt Rat to Aeui en 8 ö . 
8 dg ee om bobie hatta. 


Of Grammars there is as great Variety 
as of Languages. Latin is a general Lan- 
guage in thete Weſtern Parts of the World, 
| aud the ground of moſt other Languages 
in theſe parts: ſo is Greet in the Eaſtern 19 
Hebrew the Language we ſhall ſpeak in Hea- 
ven ſay ſome, and the Original Language | 
of all others ſay moſt; and High Durch I 
as Ancient as the Building of Babel, ſay 
mam. ' 7 NIE 2Q 4 But 
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on- But of all other Grammars and Langua- 
an- ges molt ſuitable to this preſent Subject, is 
I that moſt incomparably ingentous Inventi- 
o $22 of Biſhop Wilkins (that Famous Mathe- 
* matician) which he calls his Philoſophical 
Language, with a way of writing the ſame, 

der called his Univerſal Character, which if it 
wy would be as Univertally, and as Induſtri- 
al ouſly practiſed, as it, is moſt excellently, 
% and ingeniouſly contrived : By this means 
Fall Perſons (ar leait all of any competent 

1s | capacity) of what Nation or Language 
4 loc ver, might converts and correſpond with 
one another as familiarly as Adam and' Eve 

in Paradiſe, or thoſe Eight in the Ark, 

'© Þ when the whole World ſpoke but one and 
„the ſelfflame Language. But enough of 
theſe ud to my pur poſe (to wit) of Gram- 
„ar, Rhetorich, aud Logicck. 


* 6 


* 4 And kor Alſufict, which I call the Meane 
in this Diviſion, I mean not ro run any 
large Diviſtons upon' it. ; that Art being 
rather learn'd by Practice than by Precept; 
and my Aim being racher to propbud De- 


monſtfation to thè Eye than Muſick td the 


Ear. Indeed the Mufick? of the 'Spheres 
might have been no improper Theam, but 


* 


N 
that being grounded upon the Old Errovi- 
* ous Opinion of their h, Orbs, are both 
x diſclaimed long fince by later Writers. In- 
yg deed, 1 read” that. Philo the Few ſays, that 
hereby Aloſes was inabled to carry in the 
FS. "SS Mount 
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Mount 40 days, and 40 Nights, without 


eating or drinking any thing, becauſe he}. 


heard the melody of the Heavens : and 
Plutarch ſpeaks as if a Man might hear this 


Muſick if he were an Inhabitant in the 


4 


Noon: but theſe conceits beihg 


of 


ayhich I call the Mathematical, or Meaſuring 
Part of the Liberal Sciences is the ſubject ! 
intend to treat upon; and (as I apprehend 
ir) may fitly be comprehended in theſe 
Three, Arithmetich, Geometry, and Aſtrono- 
my: Aſtronomy may be ſaid to meaſure the 
Heavens, Geametry the Earth, and both by 
means and help of Arithmetick. This lait 


conſiſting chiefly in The Rule of Three, the 
4wo former in the Reſolution of a Triangle. 


And when I ſayGeometiy meaſures the Earth, 
it is to be underſtood the whole Globe of 
the Earth, containing Sea and Land, with 
all other Bodies therein contained, whe- 


ther Superficies or Solids ; What concerns \, 
be called Sar- 
2 ein: What concerns the Sea, is proper- | 


the Land, may in one word 
Jy called Navigation: And not only both 


cheſe, but alſo Aſtronomy with theſe may be F 
called the Taking of Heights and Diſtan- | 
ces: Surveying being Taking Heights and 


Diſtances at Land, Navigation at Sea, 


Aſtro- 


y the 
Learned long ſince exploded, | hallug fur- 
cher touch upon this ſtring, vic. Muſick, | 
wich the other Speaking Arts before- men- 
tioned. But paſling by all theſe, That 


r 
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Aſtronomy in the Heavens, and of Ah ro- 
nomy, the moſt Mathematical and Practi- 
cal part is Dialling, or finding the hour ot 
his che day by the Syn, and the hour of the 
the night by the Moon and Stars. 

he i Therefore to ſumm up all in ſhort, the 
Mathematical part of the Liberal Sciences 
are three, viz. Arithmerick, Geometry, and 
Aſtronomy. The Practical part of theſe are 


# principally three, Surveying, Navigation, 


out 
he 


ar Fand Dialling. Theſe three are performed by 
14 Trigonometry, or the Reſolution of a 
q Triangle, which derives its name from 
Three, and conſiſts of Three Angles, and 
1 Three Sides, and theſe found by the Rule 
5 of Three, makes good that old Motto, Tria 


ſunt omnia. 
I You ſee then, That the grand Deſign of 
9 the Mathematicks, is to take Heights and 
'© Diſtances ar Sea, at Land, and in the Hea- 
-* & vens, and to meaſure not only the Heavens 
and the Earth, but all other Bodies therein 
contained, whether Superficies or Solids. 
At Land, to find Heights by Diſtances, and 
Diſtances by Heights, where either is ac- 
ceſſible; and both theſe by Angles of Po- 
ſition and Interſection of Lines, where both 
or either of them are inacceſſible. At Sea 
f: for Diſtances, to find the Diſtance of a 
Ship North and South, which is called La- 
titude, or its Diſtance Ealt and Welt, 
Which is called Longitude, or the Diſtance 
| B 3 from 
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from any of theſe Cardinal points, which 
is called the Rhumb; Laſtly, the Diſtance 
Run upon the ſaid Rhumb, or upon ſuch a 
point of the Compals: I am not ignorant 
in ſtriet propriety of Terms, a Rhumb 
differs from a point ef the Compaſs. A 
Rhumb containing two points, viz, the 
Point and its oppoſite Point: the former 
being the whole Diameter, the latter only 
the Semidiameter of the Compaſs from the 
Center, ſo that there are (to ſpeak accor- 
ding to that nicety) only 10 Rhumbs, 
and 32 Points of the Compaſs; but for 
more plainnets and eaſe to the Learner, 
i make them here ſignifie the ſame thing, 
being the fame in tubſtance. And by an, 
Account kept of theſe to know the Diſtance 
of one Ship from another, or of the ſame 7 
Ship from the place from whence it ſet 
Sail, or from the place to which it is bound; 
and conſequently how to direct her courſe þ 
accordingly. In the Heavens, to find the“ 
Diſtances of the Sun, Moon, and Stars from 
one another, of one Star from another; 
particularly concerning the Sun, his Di- 
ſtance from the Equinoctial, which is called! 
his Declination : His Diſtance from any of | 
the 12 Signs which is called his place in the 
Zodiack : His Diſtance of Riſing and Set- 


ting from the due point of Eaſt or Weſt, 


which is called his Amplitude: His Diſtance 


at any time from any point of the Hori- 
0 Lon, 
$ 
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zon, which is called his Azimuth; toge- 
ther with the Diſtances of all thoſe Cœle- 
ſtial Bodies, to wit the Planets, the Sun, 
Moon, and fixed Stars from this Terreſtri- 
al Globe: All theſe may be called Diſt an- 
ces in Aſtronomy: And for Heights, both 
in Aſtronomy and Navigation, they are 
the ſame; as taking the Height or Altitude 
of the Sun and Stars at any time above 
the Horizon which is called their Almican- 
raras, particularly the Meridian Altitude, 
either of the Sun or Stars: And thereby to 
find the Height or Elevation of the Pole: 
So that by all this you ſee, that the taking 
of Heights and Diſtances at Sea, at Land, 
and in the Heavens, is the moft principal, 
and the moſt practical part of the Mathe- 
maticks : And thele are all perform'd by 
Trigonometry, or by the making and mea. 
ſuring, the framing and refolving of a 
Triangle, either Plain or Spherical : Sup- 
poſing theſe Heights and Diſtances to be the 
ſeveral parts, that is, either the ſides or 
Angles ofa Triangle. And to find by foine 
of theſe Parts known, other Parts unknown 
or per Data Queſt a. | # 

This Reſolving of a Triangle, or Trigo- 
nometry, reſolves all Mathematical Quc=- 
ſtions, and may be performed by Inſtru- 
ments and Protraction Geometrically : But 
principally by the Rule of Proportion A- 
richmerically ; worthily carrying the name 
3 B 4 of 


0 
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of the Golden Rule, for the admirable Ef- 
fects it produceth, eſpecially in theſe Ma- 


thematical Operations. And for the fuller | 


and more ample Explanation of theſe parti- 


culars, I ſhall proceed to Diſcourſe of them F 


} 


in this Method in three Books. 

I. In the Firit I ſhall Treat of Arithme- 
tick, under the ſeveral kinds of it, viz, 
Common, Decimal, Logarithmetical,and Inſtru- 
mental. And in the ſequel of the Diſcourſe, 
as occaſion ſhall be, I ſhall ſhew how theſe 
may be applyed to the Reſolution of a 
Angle, or any other Mathematical Que- 

ion. | 


II. In the Second Book I ſhall Treat of 


Geometry, or any other Mathematical 


Queſtion. Firſt in general, and of the 


Three Famous Grametrical Figures, the 
Circle, Square, and Triangle; eſpecially the 
lait of theſe, - And then Secondly, in par- 
ticular I ſhall ſpeak of Geometry, as it con- 
fiils in Surveying and Navigation; and 
ſhew that theſe are no more than the Reſo- 
lution of a plain Triangle. 

III. In the third and lat Book I ſhall 
Treat of Aſtronomy, and therein of Proje- 
ction of che Sphere, Queliious of the Sphere 
and Dialling, and ſhew that as Surveying 
and Navigation are performed by the Re- 
ſolution of a Plain Triangle, ſo theſe by che 
reſolution of a Spherical Triangle, 


1H E 
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* 3/hich as before I do divide into a Parts. 
t. Common, 2. Decimal, 3. Loga- 
rithmetical, 4. Inſtrumental, or Li- 


nzal. Of theſe in their order. 


OMMON ARITHMETICKE to 
' thoſe that feExpert in it, eſpe- 
cially in working by Fractions, 
is of {ingular uſe, and abſolutely - 
neceflary ; and for the moſt part 
of * {ufficiency enough for Mathematical 
Operations: and withal it is to be ſuppoſed, 
That no Man that attempts the Mathema- 
ticks, but in ſome meaſure underſtaũds thoſe 
Common Things of Numeration, Addition, 


4 


- 
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Suotrattion , Multiplication, and Diviſion, 
therefore | thail be very brief in them; and 
only teil you. 


1. 


Numeration is the Reading of Figures 
according to the value they receive from 
the place they ſtand in: The Firſt place 
ſignifying Units: the Second Tens: the 
Third Hundreds: And the Fourth Thou— 
ſands, according to the enſuing Table. 


Numeration 


. S 
7 . - 
3 * 
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ind Numeration TABLE. 


—_— 
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kenns. 12 
f Hundreds. 123 
Ires | Thauſands. 1234 . 
om IX. Thouſands, 12345 
C. Thoutands, 123455 | 
ae & | Millions. ; 1234367 | 5 
the IX. Milliobe. 12345378 gol, 
u- [C. Milliors.* 23456789 
Thouſand Millions. 1 
X. Thouſ. Miljions. 12345678902 
C. Thouſ. Mil ions. 123456789123 
Dillions, " * {[123455739T234 
n X. Dillions. 1234557991234 f 
Ci. Dillions 1234557891234565 f 
8. Thouſand Dillions. {1234567391234 567 | 
X. Thouſ. Dillions. [1234597851234g573 
Ci. Thouſ. Dilions. 123446799 1234559 
- $ | Troflions 1234367391234567897 
X. Trolliors. 12345578912345678912: 
& C Trollions. 123455739123455789123) | 
ö | Thouſand Trollions. 1234567891234 557891234 
X Thouf, Trollionas. 1 234567891234 5678912345 þ 
Ci. Thouf, Trolif>ns. 1234367891 23456789123. 56 


HH: 


One Hundred Twenty Three Thouſand 
Four Hundred Fifty Six Trollions Seven 
Hundred Eighty Nine Thouſand One Hun- 
dred Twenty Three Dillions Four Hundred 
Fifty Six Thouſand Seven Hundred Eighty 
Nine Millions One Hundred Twenty Three 
Thouſand Four Hundred Fifty Six. 


SECT 
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SECT . 
i. Addition is the adding of two or more 
Sums together, to find the Total. 120 a 
In like Denominations, In divers. Denom. 
F . D. M. Sec. 
6789432 (Degrees N 136, , 8 
1903467 8 | 320 10 145 
8542079 Seconds 429 54 526 
> | 1 * 21 


2234978 Summa Total. 886 16 20 


III. Subtradtion is {he bee, or De- 
ducting of one Sum from another, to find. 
z#he Remainder. F 

878 os from: 2345 36 49 
Take 873. 18 13 


Rev 408 e 


vera er is 1472 18 36 
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SECT. +4 


. * -—Aolriplication is a Compendious Ad- 
ne >< a 
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In Molciplicatign the Sum to be Multi- 
phyed is called the Multiplicand, the Sum. 
| by which the other is Multiplyed, is called 
| the Multiplyer, and the Number produced 

by theſe js alle the en 


Multipli- 
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Multiplicand 463298765 


Multipl ou 23 
| — — 
1389896295 
926597530 
: 1 product e 


— — — — — 


To Multiply compendiouſl by any lie the Nine 


Digirs, without Egg the z 
To Multiply. any Number by 4 


; 


FM 


Either double it, pr ſer it down twice, 


and add the two'Sums together. * 9 


To Multiply, by 33, 
To the Number given, add the Jotble 


| 
ö 


6 * , VT $i. , p 
i 


thereof, the Sum of idem ſhall be the Pro- 


©. 


duct. | | I {ab 6teg 16 


To Molt ofy wy Ni 


Double the Dupticoionlef be Sum ngivey. | 


1 To Multiply by 55 8 
To the Number given adde Cypher, 
and the half of that Number i is the Proguet: 1 
; N 15 
To Multiply n 
To the Number given ac a e 


then . the half of that Number, and co 
it 


619 ' 
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it add the Number given, the Sum of chem 
ſhall be the Product. 


To Multiply by,, 
To the Number given add a Cypher, 
and take the half thereof, to which half 
add the double of the Number given, the 
Sum ſhall be the Product. Borg, "tb 


To Multiply by 8, 
To the given Number add a Cypher, and 
from thence ſubſtrat the double of the 
Number given, the Remainder will be the 


Product. 


To Multiply by g, . 
Add a Cypher to the given Number, and 
from thence ſubſtract the given Number 


, 


the Remainder ſhall be the Product. RF. 


To Multiply by 10 add a Cipher, to 
multiply by 100 add two Cyphers, by 1000 
add three Cyphers, and it is done. 


If Cyphers be in the middle of the Mul- 
tiplyer among other Figures, remove the 
next Figure a place farther where any Cy- 
pher comes, and add the Lines together in 
the ſame order they ſtand. * 


SECT: 


16. 


8: $+C To > 0 


Diviſion is a compendious Subtraction, 
wherein the Sum to be divided is called 
the Dividezd ;, the Sum by which we divide 
the ſame is called the Div:/er ; what is pro- 


duced thereby is called the Quotient and. 
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the Fraction. Example. 


„ 

294.54. eee N 
Dividend 4679 1380 203440 f parts. 
Diviſor 2333332 Quot. Fraction. 

22222 


In dividing any great Sum, to know cert ay 


. what Figure to put in the Quotient, and 
ts Divide the Sum by Subtractionn 
inſtead of Multiplication, 


Firſt, Set down your Diviſor, and againſt. 
it the Digit 1, in the next place double 
it, and againſt that ſet the Number 2. 
Add the former rwo Sums together, and 
againſt that ſet the Figure 3, to that Num- 


ber add the Divilor, and againſt that ſet 


the Figure 4, Cc. ſo you will have a Ta- 
ble of the 9 Digits, and may ſee againſt 


every Figure how much the Multiplication 


of your Diviſor by any Digit will amount 
unto ; fo that when you ſee your Remainder 


) 
| 
: 


ähq—ꝛ— — — — — ñůä — wei — 
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in your Diviſion, look in the Table for the 
neareſt Number leſs than your Remainder, 
and that Digit which ſtands againſt that 
Number, you muſt always put in your 
Quotient. ok $8 49% 20 HO DUTT 
To Divide by any Number that hath Cypher; 

148% to the Right Hand. TS. 

To Divide by 10, ut off the laſt Figure 
towards the Right Hand, and the reſt'of 
the Figures are the Quotient, To Divide 
by 100 cut off two of the laſt Figures, by 
1000 three, c. To Divide by 20 cut off 
the laſt Figure, and take the half of the 
Remainder. 2 


As for E xample, 


To know how many Pounds there is in 


243|6 Shillings is the ſame as to Divide by 
20. Therefore cut off the laſt Figure 6, and 
take half the reſt; that is, half 243 is 121 
Pounds, and there remains 1, and the 6 cut 
off for the Fraction, which is 185 or 16 
ſhillings, and fo in any other Sum. The 
ſame Reaſon holds if you be to divide by 
30 cut off the laſt Figure, and take the 
third part; and if by 40 the Fourth, 50 
the Fifth part, and ſo forwards. The re- 
maining Fraction beit g always the parts of 
its reſpective Integer. | 


Theſe 


 ""_ — 
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Theſe Four, viz: Addition, Subtraction, 
Multiplication, and Diviſion (not to mention 
Numeration, which is only the Reading of 
Figures) do contain the whole Practice of 
Arithmetick, being judiciouſly applyed and 
made uſe of according to the Nature of each 
ſeveral Queſtion, and by the Invention of 
Logarithmes theſe Four are reduced to 
theſe Two only, viz. Addition and Subtra- 
fon, as you will hear hereafter. 
But betides theſe Eſſential parts of Arith- 
metick, there are divers other neceſſary 
Rules for directing the way: or manner of 
Operation by theſe. tl ok 


a * * 
* 
74 FO Wini io; . L | 
2 bd» 14 1 - & 4 3 6.4 


Therefore in the fixth place is that in- 
comparable Rule of Three, worthily carry- 
ing the Name of the Golden Rule, eſpecially, 
and above the reſt to be taken Ces of - i 
which yet in the Operative and Practick | 
part of it, is no more but the right Appli- 
cation of Multiplication and Diviſion, that 
is, by Three Numbers given, to find a 
Fourth, according to theſe Two Dire- 
ctions. Ai ä 


Firſt, If the Third Number be greater 
than the Firſt, and the Fourth required to 
be greater than the Second, then Multiply 
the Second by the Third, and 8 
| ro- 
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Product by the Firſt, the Quotient gives 
the Fourth Number. 


As if 12 yds of Cloth coſt 3 l. what coſt 


435 as. | 
9 220 
— 230 5L 108,3 or 31“. 
1305 X222 


Xx 


Secondly, If the Third Number be grea- 
ter than the Firſt, and the Fourth re — 
to be leſs than the Second, then Multiply 
the Second by the Firſt, and * * nes 
Third. As, 5 


If 12 Men raiſe a Fort in 8 days, in bann 
many days ſhall 24 Men do it. 


8 22 *< 
12 - 964 aays. 
96 


I. The Direct Rule is, when more re- 
quires more, and leſs leſs, 

UI. The Back Rule is, when more re- 
quires leſs, or fe{s more. 
For the placing the Numbers right, ob- 
ſerve this Rule in the Direct Rule of Three. 

Three Numbers being given, the Que- 


ſtion is annexed but to One, and this muſt 
always 
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always be the. Third Number, and that 
which agrees with, this Third in the ſame 


. Denomination muſt be the Firſt, and that 


—— —— — > — — * 
— 9 
= * * 1 * 


Which remains the Second. As if the Que» 
{tion were put, If 10 yards coſt 87. how 
many yards may we buy for 121 place them 
thus; If 8 buy 10, what will 12 buy. 1 


SECT. 18. 


The next Rule which I ſhall here men- 
tion, is the Rule of Fellowſhip, which is, when 


ſeveral Merchants or other Men put in ſe- 


veral Sums together into Stock, and Tra- 
ding therewith, they either gain or loſe 
ſo much in the whole; Now the Queſtion 
will then be, what every particular Adven- 


turer ſhould have of the Profit, or bear of 


the Loſs according to each mans due pro- 
portion. To do this, ſay, If the Whole 
Stock produce ſo much as is the whole Pro- 
fit or Loſs, then what gives the Firit Man, 
Second and Third man's part of Stock ſe- 
verally making each Man's. particular Stock 


the Third Number to theſe other Two 


Numbers, (viz. the whole Stock, and the 
Whole Profic or Laſs) aud the Fourth will 
be each particular Man's Profit and Loſs. 


As if Three Merchants put into Stock 
1684 Pounds, The Firſt puts in 7504. the 
Second 620 l. and the Third 314“. TWP 
"21's rade 
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Trade together till they gain 500 1. The 
Queſtion is what every one ought to have 


for his ſhare. — 


Fot the Firſs ſay, 
11 1684 1, give 550. 1 gives Bol. 


. 9292301 


For 6s Sono ſey, 
111684 . give 500 J. What gives 6201. 


For the Third ſay, 
uf 4 be el. Nn uren SINE: 


1 3 OF: 8 1 


To find a mean proportional, Multiply 


vie Extream Number by the other, and 


the Square Root of the Product is the mean 
propbtrional: As 72 mukiplyed by 3a, the 
Product is 2304, the Square Root whereot 


is 48: For — 48 multiplyed by 48, pro- 
duces the fame Number 2304, and this is 


*he'n mean Naa een e 72 and 92. 


+ 
SE 0 T. 9. 5 : | 
To conclude this particular, The 8 
cting the Square and Cube Root is the hard- 
eſt Leſſon in Common Arithmetik Thoſe 
which have a mind to do them chis way, I 
mall refer them to the Sea- man's Kalendar, 
in the latter end of which Book it is plainly 
et 


— —— — — — — 
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fer down : But this way being very difficult 
and tediqus, I ſhall ſhew you very ſhort and 
ealie ways hereafter to do it by Logarithmes, 
Gunters Sector, Wingates Rule of Proportion, 
or any ordinary Line of Numbers, where- 
unto I refer the Reader at this time, and 
ſhall proceed to the Rule of Falſehood. 


inn 


The Rule of Fal/chood is ſo called, becauſe 
it. teacheth (by ſeianed Numbers taken at 
all adventures) to find out the true Num- 
ber that is demanded; and that 1. Either 
by one Falſe Poſition : Or, 2. When it re- 
quires two Falſe Poſitions. RY 

Thpe Rule of one falſe Poſition is this, in- 
Read of 3 Numbers given in the Nale of 
Three, by thoſe to find a fourth: In- this 
Rule we have but one Number that cometh # 
in uſe to work by: Unto the likeneſs where- 
of we muſt feign or deviſe two other Num- ; 
bers, which ſhall hold the fame proportion MW, 
to one another which the thisd number gi- 
ven ſhall have to the number ſought. As WM. 
for Example ; 1 delivered at Intereſt a cer- 

| 

f 

| 


. 44,4 - — 1 


8989 a — K kw ._. 


rain Sum of Money at 6 per Cent. and at the 
end of lo years I received 500 J. for Princi- 
pal and Intereſt, I demand how much was 


Io anſwer this, let us ſeigu a Number at 
pleaſure, and with the ſa me Jet; ps make 
291 our 


V 


it 320 l. come of 2c J. what doth 500 /, 
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our Diſcourſe even as if it were the principal 
Sum we ſeek for: As ſuppoſe I delivered 
him at the firſt 200 l. which in 10 years at 
6 per Cent. Simple Intereſt will amount to 
120 I. which added to the principal 200 /. 
makes together 3204. but this ſhould be 
on J. Therefore lay by the Rule of Three, 


J come of? NMultiply the two laſt Numbers 


206 and 520 J. by one another, they amount 
to 10000 J. which divide by the firſt Num- 
ber 320 and the Quotient is 312 +, which 
is che Sum ſought for, or the Principal 
sum delivered ar Intereſf at the firſt, You 
will find the ſame Number, if you ſuppoſe 
160 l. to come of 120 IJ. then 500 J. will in 
like manner come of 312 4 as before: Or 
any other ſuppoſed Numbers which hold 
the {ame proportion te one another, which 
5001. holds to the Number ſought. 7” 

2. The Rule of Two Falle Poſitions I 


| ſhall endeavour to make plain on this man- 


ner, ſuppoſe an 100 Ducats is to be divi- 
ded amongſt 3 Pertons, the firſt to have a 


certain number of them, the ſecond muſt 


have twice ſo many as the firſt, abating 8 


Ducats, and the third muſt have 3 times 


? 
' 


lo many as the firſt, lels by 15 Ducats. 
15 I demand how many every one ſhould 
ave; 9.55% 1 519131201. bt is vo. own 
Firſt, You may imagine any number at 
pleaſure which you mal call the firſt Poſi- 
tion, 


— 
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tion, and with the ſame. you ſhall, werk in 
ſtead of the true Number; and if you ſe 
you have miſſed of the true Number thai 
you ſeek, then is the laſt number of th 
work either too great, or too little; which} 
number you ſhall note with the ſign of! 
more or leſs, and that you call the firit Er. 
ror ; now the ſign of more ſhall be noted 
with this Figure ＋, the ſign of leſs with 
this plain Line —. For Example, Suppoſ 
the firſt man in the Queſtion had 30 Du 
cats, then by the order of the Queſtion 
the ſecond ſhould have 52, the third 75 
theſe three added make 157, and I ſhoule 
have but 100; fo that this firſt Error is too 
much by 57, and therefore ! ſet down the 
firſt Poſition 30 with his Error 57 thus 


goÞg7u 0 


The next thing to be done is to ſuppoſ: 
another Number, which you muſt call you! 
Second Poſition, and note its exceſs 0: 
Want of the true number, and that you call 
the ſecond Error. As for Example, Suppoſe 
you take 24 for the firſt Man in the Que 
ſtion, then by the order of the Queſtion, 
the ſecond was to have 40, and the third 
57, theſe three added make 121, and I mui 
but have 100, ſo the ſecond Error is toc 
much by 21, and therefore I note it down 


> a3 CNA GS 571: nfl e iT 

under the former thus 25 12155 The 

8 - * 474 2 5 1658. 121 1 4 * N a ; 
54 YOu 


__ © m9. i EEE qc ad. .c a> 
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in. you muſt Multiply the firſt Poſition 30 by 
ſeel the ſecond Error 21 Croſswiſe; and again 
thai the ſecond Poſition 24 by the firſt Error $7, 
th (and this muſt always be obſerved) and 
hichh note down the two Products, vix. 630, and 
| 041368, then obſerve this Rule. 


Er. Zoth ſions alike Subtraction do require, 
ney But unlike figns Addition will deſire. 


of) And accordingly, if both ſigns be alike, 
Dull that is, both roo much, or both too little, 
you muſt ſubtract che leſſer Product from 
the greater; as in this Example, 630 from 
1368, and note the Remainder, which is 
738, and this muſt be your Dividend. 
Again, you muſt ſubtract the leſſer Error 
from the greater, viz, 21 from 57 Reſts 36, 
this muſt be your Diviſor. Therefore Di- 
vide 738 by 36, the Quotient ſhall be the 
true Number ſought, or the Number of Du- 
cats which the firit man was to have, vz. 
20 4, and conſequently the ſecond man had 
call 33, and the third 46 2, making in the whole 
1M 109. 
oh But note, that if the ſigns of the two 
Errors had been unlike, that 1s, if on f 


inc the Errors had been too much, and the 
u ocher Error coo little, then inſtead of ſub- 
toclltracting the one Product from the other, 
uu vou mult have added the one to the other; 


and likewiſe you mult have added both the 
den C Errors 


ſtanding of this excellent Rule of Falſhood,] 
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Errors together, and by the Sum of thoſe 


Errors you muſt have divided the Total 
Sum of both the Products, and the Quoti- 


ent ſhould then have been the true Number 


fought. As for Example. 


Il the two Poſitions were 24 and 20, 
you will find the firſt Error will be 21 too 
much, and the ſecond will. be 3 too little, 
Therefore multiply 24 by 3, produceth 72. 
Likewiſe, multiply 20 by 21 produceth 420, 


and becaule the ſigns of the Errors are un- 


like, add them 492, which ſhall be your! 
Dividend; and again add the leſſer Error 


3 With the greater 21, makes 24 for your 
Diviſor; and laſtly, Divide 492 by 24, 


the Quotient is 20 3 as before, for the firit 
man's ſhare; and conſequently the ſecond 


muſt have 33, and the third 46 3, making 


up together 100, as in the former Example: 


And this ] hope is ſufficient for the under- 


or of Falſe Poſitions, in the ſeveral kinds oj 
it; though I might have added variety ol 
other Examples: But to avoid prolizitiey 
and for brevities ſake theſe may ſuffice. 
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1 Of Decimal Arithmetick. 
0, 1. 9 
9 MN the Second place moſt Mathematicians 
le. ] go ufe and extol Decimal Arithmetic l, and 


72. do accommodare all their Scales, Rules, 
„and Lines to this kind-of Diviſion, and not 
n-S$ without cauſe,” whereby they have this ad- 
US vantage,” that the Fractions which in Com- 
Ol! mon Arithmetick are of divers Denomina- 
uns tions, in this are all Deeimal Fractions; 
% chat is, PoE ses pares of any thing, 
ri ang by adding Cyphers; they mays bring 
nd them to finaller Fractions, and this makes 
ing the working by Fractiens far more eaſie 
and exact. 7 * 151152501 S113 116 01 | 


al 7 Reduce ordinary Fractie me ito Decimal. 


Multiply the Numerator (or the Number 
above the line) by 100, or 1500, and Di- 
vide the Product by the Denominator (or 
that Number-whidh is under the Line) and 
the. Quotient es the Numerator of the 
$17=cimal Frac han; 5 4 wultiply 3 by 200 
Ky adding 2 Oyphbrs) makes 300, Divide 
\ 2355 by 4 and the Quotient will be 75, fo 

| 1 90 Oi DIE RY 28 Wo. f 4: 322 that 


Ala ese ads He ramona Bl 
:F Nithe third place the Invention of Laga- 


cation and Diviſion, are done by theſe ary 
tificial Numbers; by Addition and Subtra 


natural number to this Logarithme 1.62240 


ul « | 4 \ I 0 1 
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that 4 in Common Fractions is , in De- 


nn I 


— 
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Of Logarithmetical Arithmetick. 


rithme, by my, Lord Napier is an excel-· 
lent Invention; for what is done by Com-. 
mon or Decimal Arithmetick by Multipli- 


ction only: The N Root is extracted 
by Bipartition, and the Cube Root by Tri 
partition; to explain theſe more particu- 
larly in all the neceſſary parts of Arithmeſſ 
tick, as firſt Numeration in Logarithmes 
or how to read them. FW 


Se CJ. 3; | } 


ww 1 — K — — 


In the Table of Logarithmes you will 
and againſt every Natural Number( from 
to ic) its artificial Number or Log 
rithme; ſo if you ſeek the Logarithme df 
30, is 1.628970, aud if you would find th 


over againſt it you find 42, and ſo the lik 


ſ 
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K I. Hor all others. And what is faid of Loga- 
De-Frithmes, as to numbers, the like is to be 
underſtood all. along of Natural Sines and 
Tangents, and their Artificial Logarithmes, 
ſas you may perceive by the Tables. 


3; the Table of  Logarithmes, to find the Lo- 

garithme of a Nitmber conſiſting of 4 pla- 
ces, as ſuppoſe $528, the ordinary Num- 
bers reaching only to roco. 


cel Firſt, Take the three firſt Figures, viz. 
om- 562, and find that in the firſt Column un- 
pli- der the letter V, then for the Hſt Figure, 
ar which is 8, Find amongſt the great Figures 
train the head of the Table, and in the com- 
te mon Area or meeting of theſe two lines you 
[rig will find .750354, before which J place 3 
cugFfor the proper Characteriilick makes 
mei 3.750354 be, Logarithme of 5628, which 
nes was required. 
Nou beſides the Logarithme it felf, there 
Wis alſo ro be placed before it his proper 
_ Characteriſtick, viz. a Figure conſiſting of 
an Unite leſs than the number of digits or 
Ig places inthe ſaid number, whoſe Logarithme 
is to be expreſſed : As the Characteriſtick 
W ot any number conſiſting of one Figure is o, 
Jof two Figures 1, of three Figures 2, Cc. as 
We Logarithme of 415 is .618048, and be- 
Cauſe it conſiſts of three Figures, its Cha- 
| „5 racteriſt ick 
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i rateriflick is 2 placed chus with a Comma 
0 2,6189248. 

Iuo find the Logarithme of a proper Fra- 
| ction, as of 3. Firſt I find the Logarithme | 
of its Denominator 3 to be , 47121, then 
I find the Logarichme of its Numerator 2 7 
fi to be 0,301030: And ſubtracting the lat- 
ter from the former, there remains the Lo- 
fi garithme of 3, Which is C,176091. F 


4 


W 


1 „. 
| 
| 


To Mukciply by Logarithmes is to dd 

[i one Logarithme to another, and that does 

0 the ſame as to multiply the natural Num- 
| bers: As to d 


24 by | Log. , of 380211 


i Kg. is Log, I 585150 | 
43 2.835361 
hy 72 a 
itt 
0 1 — 
jy 768 
i Over again which Logarithme you will 
| and 1 in the Table the nat oral number 768, 1 
ö 0 
en 3; 
Ul. To Divide, is to Subtract one Loga- : 
1 richme from another, and that does the 
| | 4 


lame 
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-** Fame as to divide one natural number by. 
ma another. 


ta- © As to divide 26 whoſe Log. 1.555392 


me | by 12 whoſe Log. 1.079181 
nen "4 | — — — 
12 3 Reſts 0.477121 


at- Which Logarit hme you will find to anſwer” 
o- Fro the natural Number 3, the Quotient as 
before. 


S E C = 4. * 


dd To perform the Rule of Three by Loga- 
es rithmes. As in Common Arithmetick we mule 
n- & tiply the Second Number by the Third, and 
divide by the firſt (which is the Direct Rule 
of Three) ſo you mult add the Logarithmes 
of che ſaid Second Number and Third toge- 
ther, and from the Total ſubtract the Lo- 
garithme of the firſt number, and the re- 
mainder is the fourth number ſought. As 

5 for Example. | 
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If 12 give 4, what gives 60. 


60 
(0 Log. of 4is 0.692065 
240 of 60 is 1.778151 
422 | — — 
* Added are 2.380211 


— Sub. the third 


20 Numbers Log. 1. 7181 


Reſts 1.301030 
Which in the Table you will find to be the 


. 
of the Square Root: So the Log. of 144 1s 


2.158362, half whereof is the Square Roor, 
91%, the Log. of 12, 1.07918. : 


. 
To Extract the Cube Root is likewiſe no 
8 ore but co take the third part of the 
Loga- 


Logarithme of 20, the Quotient by Com- 5 
mon Arithmetick as above. 


To Extract the Square Root (which is the 

ſame as to find a mean proportional between 
1 and the numbers given) therefore to 
do this obſerve, That half the Logari:hme 
of the number given is the full Logarithme 
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Logarithme of any Number, whoſe Cube 
Root is demanded, which third part is the 
Logarichme of the fame Cube Root: As 
for Exam, . The Log. of 64 is 1.806 180, 
the third part whereaf is 0.602060, whicn 
you will find to be the Logarithme of 4, 
which is the Cube Root of 64; the reaſon 
lis, becauſe the Cubiq; Root is always the 
Järſt of two mean proportionals betwixt 1, 
and the number given: 3 
Note that any Number multiplyed into 
ic felf, the Product is the ſquare number, 
and the Square Root is that ſame ſirſi Num- 
e ber; as 8 multiplyed by 8 gives 64 his 
- 3 Square, and his Root 8. And multiply a 
Square Number by his Root gives you the 
Cube; as 64 multiplyed by 8 gives 512 the 
Cube Number, his Root 8. 


e ers 


Jo find a mean proportional between 
two Extream Numbers given. Add the Lo- 
garithmes of the to extream numbers to- 
8 gether; the half of the Sum ſhall be the 
8 Lagarithme of the mean proportional re- 
W quired. As to find a mean proportional 
berwixt. 8 and 32, which ſhall bear the ſame 
proportion to 32, as 8 does to it, 


< 
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The Logar. of $8 is 0.903099 
The Logar. of 32 is 1.505150 = 


Added together is 2.408240 
Half whereof is I 204120 


2 1 . = 
WE, 5 * 
* * 


The Log. of 16, the mean proportional, 
for as 16 is to 8, ſo is 32 to 16. | 


Thus you have Numeration, Multiplica- 
tion, and Diviſion by Logaritbhmes: Alſo F: 
j the Rule of Three, the Extraction of the 
i Square and Cube Root, and to find a mean 
f proportional between two Extream Num- 
bers given. | | | 
| He that defires to know more of theſe, or 

more at large concerning theſe, I refer him 
to the latter end of Gunter works, from 
whence theſe are for the moſt part collected. 


— 
— a. co Ae » 4 * 


—— — — 


—. 


C H A P. IV. 7 | 


LO On 


*»„— —„— 


q * 


Of Inſtrumental, Ar ithmetic. 1 
A wy UN 
N the Fourth place I, proceed to that kind |: 
of Arithmetick, which I call Inſtrumen! } 
tal or Lineal, becaufe it is wrought upon 
Lines and Mathematical Inſtruments. Thoſe 
which | fall mention are theſe Three, Mr.) 
5 Gunter: 


Fo, oe AI P 
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Gunters Sector, Mr, Wirgate's Rule of Pro- 
portion, and Mr Seth Partridge's Sliding 
Rule, being only the Lines of Numbers, 
Sines and Tangents diverſly improved. 


S E CT. 1. 


Ihe Excellency of Partridge's Sliding 
r | Rule conſiſts in this, That one may work 
» upon it without Compaſſes, and after the 
ſame be right ſer, it often reſolves ſeveral” 
gqueltions at once, without altering the po- 
„tion; only thoſe which L have ſeen, are 
et ca ſo ſhort a Radius, which makes ir lefs 
exact, and more ſubject to Error. I ſhould 
n aqvile the Reader to buy the Book, as be- 
ing very plain, and for the accommodating 
Jof it to any other Lines of Numbers, Sines, 

" and ,Lapgenrs, which may Wide larger 
Radius, and to ule Compaſſes, aber ve this 
general Rule, that what is Terined iwechs 
ule of that luͤſtrument, [Ser ſupa" a Hin: 
ber on the Firſt to another number on the 
Second; chen againſt the Third Number ug 
tbe Firſt, is che Fourth on the Secònd. ]- The 
lame upon the plaim lines of Numbers, Sines 
and Jangents, with a pair of Compaſſes, is 
| thus worded [Extend the Compaſſes from 
ſuch a number to ſuch, a number] (or from 
the fiat number 70, the ſecond) The ſamè 
ER56n,me ſame, way will reach from the 
obtixd Number. to a Fourth required. This 
HAM | | difference 


7 
- 
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difference oblerved, the fame Book and Di- 
rections will ſerve for either this Rule, or 


any other line of Numbers, Sines, and 
Iangentcs whatſoever. 


EELT 2 


portion, its excellency conſiſts in this, that 


more exact. | 


and mean proportions, called by him the 


only. 


edge of Gunters Sector, he being the firſt 


ving hinted to you wherein the particular 


Con- 


Numbers, called by him the great Line of 
Numbers there is adjoined a line of Num- 
bers twice repeated to find the Square Root 


Author and Inventor thereof therefore ha- 


Excellencies of tlleſe other two Rules do 


Next as to Mr. Wingate's Rule of Pro- 


it is done to a very large Radius, and ve- 
ry neat diviſions, and therefore ſo much the 


Likewile by this you have the Square and 
Cube Roots by inſpection only, and the 


* | 


reaſon is, becaule to a very large Line of 


1 


mean line of Numbers, aud likewiſe a line | 
of Numbers 3 times repeated, called his lit- | 
tle line of Numbers, and this applyed to the 
aforeſaid great line of Numbers finds the 
Cube Roots, and both thele by infpection 


In other principal Reſpects both theſe M 
Rules do agree with the lines of Numbers, 
Sines, and Tangents upon the ontward W 
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confilt, I ſhall ſhew you the general Uſe of 
thete'Lines of Numbers, Sines and Tan- 
gents upon the Sector (being the fame in 
{ubltance wich the two former, only diffe- 


reutly improved) as I faid before. 


SEC F. es. 

Therefore in the third place, Gunter, 
Sector J account the moſt excellent Initru- 
ment of all other, and molt general for all 
Ules, Intents, and Purpoles whatſocver; 
not only in working all proportions, but 
it may alſo eahly be improved to an excel- 
lent Quadrant and Theodolite, thereby to 
take Heights and Diſtances, and by that 
means to become a Panorganon, an Univer- 
fal Inſtrument to do any thing or every 
thing both for Calculation and Obſer v ati- 
on: But in this place I intend only to in- 
ſiſt upon what it hath Common with Par- 
tridge's Sliding Rule, and Wingare's Rule of 
Proportion: To wit, N 


The Lines of numbers, Sines, and Tangents, 


Then to ſhew you, £ 

I. Numeration upon the Lines or the rea- 
ding of them, which is on this manner. 
The Line of Numbers conſiſts uſually of 
two parts, the former and the latter, each 
numbred with theſe Figures, t. 2. 3. 4-5. 6. 
7.8. 9. 1. being the lame Line twice re- 
ue peated. 
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peated. Now thele Figures according as 
you have occaſion, may ſignifie either ſin- 
gle Units, Tens, Hundreds, Thoutands, 
Ten Thouſands, or any other imaginable 
Number, by Mr. Wingate called Primes, 
Tens, Centeſmes, Millains, . cc. And the 
{maller diviſions ſigniſie proportionably in 
order to What their Primes are taken for. 
And in reference to the firſt and ſecond part 
of this Line take this Rule. If the Primes 
that is the large Diviſions where the Fi- 
gures are plac'd do in the former part ſig- 
nifie Units, only the ſubdiviſions are .". 
Tenth parts of tte {ame Units, Gc. accor- 
dingly if ſmaller Diviſions, happen under 
thele: And the Primes in the {ſecond or lat- 
ter part of the Line ſignifie Tens to the 
former Units, and Hyndreds, if the firit 
Primes ſignifie Tens; Thouſands, if the firſt 

nifie Hundreds, cc. Now, to give one 
Example for all, the firſt Prime in the ſe- 
cond part is divided firſt into 10 parts, and 
thoſe Tens are again really divided: into 
Ten more, and theſe laſt at leaſt ſuppoſed 
to be divided into Ten more ſtill; to that 


ſuppoſe a Man would number upon the Line 


11575. The firſt part of the. Line ſignifies 
the Firſt Figure 10 Thoufand. The firit 
Prime in the ſecond part, ſignifies, the ſe- 
cond Figure 1000. Five of the larget Di- 


diviſions 


_ viſions idto. Tens ſignifie 30, the ſeven ſub- 


PWV d my 5 US. 
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diviſions into other Tens, ſignifie 50, and 
adding to theſe half of the next fmall Di- 
viſion by Eſtimation, ſignifies the odd 5, 
ſo at that very place you have 11575, and 


ſo of any other, Number, whether bigger 
© or leſſer, 


For the Line of Sines,'tis eaſie being num- 
bred by 18. 20. 30. 40. 50. 60. 70. 80. 90. 
and the former part with 1.2. 2. 4. 5. 6. J. 


8. 9. Theſe ſignifying ſingle Degrees, and 


the ſubdiviſions firſt into 6, each ſignifying 
10 Minutes, and thoſe again divided into 
halfs, which ſignifie 5 Minutes, the reſt 


ſupplyed by Eitimation or Suppoſition: In 


the ſecond part they are firſt divided into 
Ten larger parts, which ſignifie each one 
Degres, and thoſe Ten ſubdivided into 6, 
which ſignifie each 10 Minutes, Oe, ; 
And what is faid of the Line of Sines, 
the ſame may be ſaid of the Line of Tan- 
gents, ſignifyingalſo Degrees and Minutes, 
and proceeding forwards to 45, at the end 


of the Line and ſo backwards to go, where 


you begun, as you will fee ſignified by Fi- 
gures to that purpoſe. + | 


* 


Having as plainly as I ean expreſſrd NVu- 


ner3t5on upon the Rule, in the next place I 


| came to ſhew youthe next conſiderable Rule 


in Arthmerick, i pon theſe Lines: To wit, 
: 37 OI! 2413 ISL 1 ; ; þ 
7 0 f 


69700 8117 s | H. Mule 
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II. Aultiplication: And to Multiply, Ex- 
tend the Compaſſes upon the Line of Num- 
bers from to the Mulciplicator, This 
done, the fame Extent the {ame way will 
exactly reach from the Multiplicand to the 
Product required: As for Fvample, to mul- 
tiply 42 by 33, extend your Compaſſes 


from 1 to 33, the fame Extent will reach 
from 42 to 1386; to to multiply 18 by 4, 


Extend the Compaſſes from 1 to 4 in the 
former part of the Line, and the {ame Ex- 
tent in the ſecond part wil! reach from 18 
to 72. The like is co be underitood of all 
other Queitions in Multiplication : Only 
take this other Examp!e. Gps » 
In Lands and Houles fold at ſo many 
ears purchaſe. To find what the value of 
the whole will be by the Line of Numbers, 
The Extent, of the Compaſſes from one to 
the number of years, will reach the fame 
way from the Vearly Rent to the Sum of 
the Purchaſe. As the Extent from 1 to 20 
will reach from 10 to 200, which ſhews, 
that 10 J. per Aunum at 20 years purchale, 
is worth 2001. and ſo of any other. 


III. Diviſian: To Divide by the Lines, 


Extend your Compaſſes upon the Line. of 
Numbers from the Diviſor to One: This 


done, if you apply the ſame Extent the | 


ſame way from the Dividend, the moveable 


point will fall upon the Quotient, As to | 
| | Dividz | 


My £2 


7 


| 
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Divide 12 by 3, Extend the Compaſſes from 

'” 3 co r, the fame Extent will reach the ſame 

way from 12 to 4, which is the Quotient. 

l IV. To Perform the Rule of Three, or 

'© EThree numbers being given tofind aFourth, 

Extend the Compaſſes from the Firlt to the 
second, and that Extent the ſame way will 

h reach from the Third number to the Fourth. 

„ As to take the ſame Example as in Loga- 


© Wrichmes : If 12 give 4, what gives 60. 
5 Extend the Compaſſes from 12 to 4, the 
3 Wame Extent the ſame way will reach from 
| co to 20, the number required. 
Y V. To Extract the Square Root is the ſame 
as ro find a mean proportienal betwixt 1, 
and the number given; therefore divide the 
aid diſtance berwixt 1 and the number gi» 
Nen into two equal parts, and at that point 
2 vou will find the Square Root. As for Ex- 
- auple, the middle diſtance betwixt 1 and g, 
f you will find to be at 3, which is the Square 
Root of 9, for 3 times 3 is 9. 
L 
2 Now by Mr. Wingate's Rule to find the 
Square Root by in pection only, rake 
? this Rule, 
3 When the Figures of the Number given 
- Ware even, as when the Number confiiits of 


2 46 8 Figures, look the fame number in 
the firſt part of the mean Line of Numbers, 
and 
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and juſt over againſt it at the ſame point 

upon the great Line of Numbers (or indeed 

upon thar Line of Numbers beginning in 

the middle, for this together with the other 
makes but up the great Line of Numbers 
compleat) there you have the Square Root} 
by infpection only ; as 144 I find at the 
point S. and over againſt it 12, which is 
the Square Root thereof, 

VI. To Extract the Cube Root is to find 2 

mean proportionals betwixt the Number 

iven, and 1 : Therefore upon the Line of 
8 275 divide the diſtance betwixt the 
number given, and 1 into three equal parts, 
and the firſt of thoſe 3 parts fron 1 is the 
Cube Root. For Example, Extend your 
Compaſſes from 1 to 4, and that will divide| 
the diſtance berwixt 1 and 64 into three 
equal parts, therefore 4 is the Cube Root 
of 64, and to prove it, multiply 4 by 4 
makes 16, and 16 multiplyed again by 4 
makes 64, the Cube number, its Roo: 4. 


Now to do this upon Mr. Wingate's 
Rule, by Inſpection only, Take 
this Rule, | / 


—_—— __ 
—_ 


When the Number propounded conſiſts 
of theſe Figures, viz, of 1. 4. or 7. find it 
in the firſt part of that which he calls the 
little Line of Numbers (being the Long of 

| um- 


my — — — —- pn. wy 
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ut Numbers three times repeated.) If it con- 
ed act of 2,5, or 8 Figures, then ſind it in the 
'1 Wſecond part, or if of 3, 6, 9, then find it in 
10 the third part: And this done, obſerve, 
12M That at the very fame point, upon the 
5 great Line of Numbers, you ſhall find the 


Cube Root you look for. As for Example, 
18 To find the Cube Root of 64, becauſe the 
number conſiſts of 2 Figures, there fore look 


5 for 64 in the ſecond part of the little Line 
8 of Numbers, and over againſt it exactly in 
\ N the great Line of numbers you find 4, Which 


A {Wis'its Cube Root. 99 
VI. To find a Mean Proportional be- 
twixt two Extream Numbers, is only to 
dieide the {pace betwixt the Extream num- 
bers into two equal parts, or by Wingates 
Rule, Extend the Compaſſes upon the mean 
Line of numbers, from one of the Extream 
Numbers to the other. This done, the 
ſame Extent applyed upon the great Line of 
numbers from either ofthe numbers towards 
the other, the moveable point will fall in 
the middle betwixt them; ve. upon the 
point repreſenting the mean proportional 

required. Example, 8, 16, 32. 
hus you have all the neceſſary parts of 
Arithmetick performed by the Lines of 
Numbers, Signs, and Tangents, and what 
is laid as to Numbers only, the like will hold 
as to Signs and Tangents alone, or theſe ſe- 
2 verals 
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verals mixt, as between Sines:and Numbers, 
Tangents and Numbers, or Sines and Tan- 
gents; as the nature of the queſtion ſhall 
require. He that deſires to know more con- 
cerning theſe, I ſhould adviſe to buy Mr. 
Wingate's Book, called his Rule of Propor- 
tion, wherein you have the'Rule it {ef in 
Paper, which you may get paſted/'upon 
wood; and wilt be no great colt, and will 
fhew you the whole Myſtery of it; alfol 
- ſhould adviſe to buy Seth Partridge's Book, 
ſhewing the uſe of his Sliding Rule, being 
plainer than Mingate's, only obſerving the 
Rule before given for applying the Queſti- 
ons, ſo as to be wrought upon a plain Line 
of Numbers, Sines, and Tangents, and a 
pair of Compaſſes. 


| EC. 

To conclude what may be ſaid in refe- 
rence to Inſtrumental Arithmetick, I think it 
not amiſs to give you a ſhort Account of 
Napiers Bones, whereby Multiplication and 
Diviſion in Common Arithmerick is perfor m- 
ed by Addition and Subtraction only with- 
out charging the Memory.' | 
* - Napiers Bones then are nothing elſe but 
Pythagoras Table with divided Lines. For 
Reading the. Bones begin always on the 
right hand, aud take x by they lye in 
each Diagonal Line, and if there be two Fi- 

| Eons gures- 


— — 
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gures in the fame Diagonal, make bur 
one of them by adding them rogether ; and 
if they exceed to, take 1 to the Figure of 
the next Diagonal immediately following. 
As for Example. t. . 

Againſt 9 you find in the firſt Diagonal 
2 by it ſelf; in the next 7 and 4which makes 
11; therefore {er down 1, and carry one to 
the next Diagonal, which is 5 and 1, and 1 
you icarryed makes 7, and in the laſt Dia- 
gonal:iſtands 8 by it ſelf, ſo they are to be 
read 8712, and ſo of any other number 


whatſoe ver, 


, 


4 7880. 11 
Ly 6 . Mulciplicand 9 6 8 
2 | Multiplyer 579 


Per 


? 


- A 1 au 4 
23 — 
_-” n 
6776 


— 2 — — —— Uü— —Uſ4t — 
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In Multiplication place always the Mul. 


iplicand in the Top of the Bones, and a- 


gainſt every Unite of the Multiplyer in the 


ſide, you will find the particular Product 
of the ſame Unite, which added together, 
as in the Example, makes up the whole Eros 
duct as before. } 24946 


For Diviſion place the Diviſor in the toy 
of the Bones, and by finding the neareſt lets 
number to the Dividend, you may find how 


often the enen is contained 1 0g 


8 , "4 92 4 
1201. 111 1 199 1g F 11. Sat. 9891 


As for e (iy Stade 
ne 
8. Dividend, 6776 . _ 
Say KIN times 958 CE Look 

6716 (or the neareſt leſs nuniber to ir): but 
this is in che Table over- againſt 5, Which 
ſhews it is juſt 7 times contained in the Di- 
. — ſo that 7 ische Quotient without 

eng, Erachion and the like is to be under- 

of dividing any other number by any 

e : Or to give ydu an Example 

how to divide a larger Sum, and by conſe- 

quence any Sum; as to Divide 5604 5 
968, by Napier Bates. 2001 ade df 

Firſt, Upon Paper ſet down the Divi- 
dend, and making a ſtroke with your Pen 
on the left hand, there place the Divilor, 


9 and 
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and making another ſtroke with your Pea 
on the right hand, there place the Figures 
of the Quotient, then obſerve upon the 
Dividend how far the Diviſor will reach, 
as in this Example to the Figure 4; there 
make a prick; then having tabulated the 
Bones, placing the Diviſor in the Top as 
before, find out the neareſt leſs number to 
5604, which you will find to be 4840, which 
you will find againſt the Figure 5, therefore 
put 5 in the Quotient, and place this 4840 
under the Figures of the Dividend, and 
ſubſtract it from 5604, there remains 764, 
to which add the next Figure in the Di- 
vidend, viz. 7. (making a prick under the 
faid Figure in the Dividend, to Know how 
far you are gone in. the operation) Theſe 
together make 7647: Then, upon the 
Bones look. for the neareſt leſs number to 
7647, and you will find it 6776, and over 
againſt it the Figure 7, therefore put 7 

the Quotient: And Subtract xhis 6796 
from 7647, the Remainder is $871," to 
which add the next Figure in the Dividend, 
viz. 2, and theſe make together 8712: 
Therefore on the Bones look the neareſt leſs 
number to 8712, but you will find the ex- 
act number it ſelf Randing a ainſt rhe. 


gure 9, therefore put 9 in the Quorienr, 


and nothing remains, elſe. what had re- 
mained had been the Fraction, and this 
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will make plain any other operation in Di. 
viſion upon Napiers Bones, and therefore 
ſhall need to add no more. 


963/560472(579 
4840 


7647 
6776 


— 


8712 


And thus 20 ſhall ſuffice ro Fur 1 -oken 


| fo the underſtanding of Nag iers Bones. As 


alſo for what I. ſhall ſay to the Firſt Part of 
the Mathematics, conſiſting in Arithmetich, 
39 the, four ſeveral kinds of it, as it is 

iſtinguiſhed into Common, Decimal, Lo- 

arithmetical, and Inſtrumental, and here 
1 to have ſhewn the Ule of the Reſt 
of the Sector ( beſides the Lines of Numbers, 
Sines and Tangents :) But upon more ma- 
ture conſideration 1 find it more properly 
to be Geometrical than Arithmetical, and 
therefore by way of Tranſition it will lead 
me by the hand (as it were) to the Second 
Part of the Mathematicks, (or the Second 


Marhematital Liberal Science) to wit, Ges. 


metry, where you may expect an Explana- 
tion of the reſt of the Sector, as allo the way 


| of Protraction by Scale and Compaſs, 0 
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FX EO MET RY is the Second, Li- 
beral Science which may be pro- 
W. perly called Mathematical, and 
— 1 may be conſidered under a dou- 
ble Notion. Firſt in General, as it makes 
and meaſũxes Geometrical Figures. Second- 
| ly according to the proper and particular 
rly Etymology of the Word, which 15 derived 
from 28 Terra, & ure Menſura, The Mea- 


5 ſuring of the Earth (that is as I have elſe- 
1 where explained it) the whole Globe of 
70 the Earth, containing, Sea. and Land, that 
a ek e the Land eee 
0 L, and that which concerns the Sea, 


Navigation, | 
0 | D I. But 


a 9 
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I. But firſt of tary 40 in General. 
All Bodies * which e come wick 
in the compals of Geometry, or are to be 
meaſured may be diſtinguiſhed into theſe 
Two kinds. V kirſt, Superficies. Secondly, 
Solides. And theſe are repreſented by Geo- 
metrical Figures, which Figures beipg pro- 
tracted or laid down in due Proportion and 
Quantities anſwerable to the ſeveral Bo- 
dies they repreſent. The Bodies themſelves 
are Meatured by the ſame Rules as theſe Fi- 
-gures are which r prdſent the ſame. | 
Now theſe Figures are as agree there 
are ,Superficial or aud Rodies Quarious 
| and different. ſhape 85 as Mtules; inſo- 
much as in this of {pe Ab y may be laid to 
be infinite, ſome Regular, but the moſt Ir- 
regular. All Which, notwithſtanding, of 
what ſhape or irregulariry ſoever, may be 
reduced to ſome of thefe three Regular 
Geometrical Figures, the Circle, S. 441 25 and 
F Therefore in this pla el ſhall 
he w-, 
1. bow theſe corte Figures are produced 
protracted, or made. 
2. How they may be reduced dd bnd ano⸗ 
| 
Aer, or any other to thele, or tome ol 
theſe, Aud, 


7 
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3. How theſe, and conſequently all other 
Geometrical Bodies or Figures are to be 
meaſured, whereby you will ſee, that as 
h- Arithmetick is principally comprized in the 
be Kue of Three, lo Geometr and Aſtronomy 
may be comprehended in the Reſolution, or 
the making and mealuring of a Triangle, 
y called Trigonometry. | 


F Firſt. then, How theſe three Figures, the 


Cercle, che Square, and che Triangle are 
produced, and ſo they will be found to de- 


rive their Original from theſe three Geo- 
metrical Principles. | 

1. A Point which is void. of all magni- 
tude; and hath neither Length nor Breadth. 

2. A iner which is a Length without 
Breadth, dran from. ane poin to another, 
and maybe either flrait or crooked, 

3. An Angle which is made by two Lines 
meeting in a point, that point being called 
the Angle, or the Angular Point : So that 
as the Terms or Limits of a Line are Points, 
and the Terms or Limits of Angles are Lines, 
io the Terms or Limits of Superficies are 
both Lines and Angles, and the Terms or 
Limits of Solids are Superficies. 

Again, a Point hath neither Length nor 
Breadth ; a Line hath Length, bur no 
Breadth ; a Superficies hath both Length 
and Breadth; a Solid hath both Length, 


Breadth, and Thickneſs, 'D 2 Bur 


Ma 
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U T before I ſpeak particularly of theſe 

three Geometrical Figures, I ſhould ne- 
ceſſarily lay down ſome few Geomerrical Pro- 
blems,becauſe (as a Circle is made of a Line 
drawn equally diſtant on all ſides from 4 
Point called irs Center.) So the Square and 
the Triangle are made up of Lines and An- 
gles, and therefore there will be ſeveral 
times mention made of Parallel Lines, and 
Perpendiculars. And alſo in the two latter 
Figures there will be occaſion for laying 
down of Angles, &c. I ſhall therefore in 
this place (once for all) lay down theſe few 
Geometrical Problems, not to trouble you 
with any more but thoſe abſolutely ne- 
_ ceſſary. 25 


SECT. 


Firſt, To draw a Line Parallel to any other 
Line given, at any diſtance required, 


o- Let the Line given 
ne be AB, unto which it 
is required to draw ano- 


2 | 
d ther Line Parallel. there- 
n- unto at the diſtance AC, 
al or ED. Open your Com- 
ad paſſes to the diſtance AC 


or BD, and place one 
Foot in A with the o- 


C, alſo place one Foot 
in B, and with the o- 
ther "deſcribe the Arch 
D, then draw the Line 
CD, ſo that it may on- 


and O, ſo ſhall the Line 
CD be parallel to AB, 
as required. 
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ther deſcribe the Arch 


ty touck the Arches c 
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SECT: 2. 


To Eret a Perpendicular on the end of 4 
Rigi Line gibeni | 


Firſt, Divide the Line OR from R in 
any 5 Equal parts, as in the Example 1, 2, 
3, 44 5- Then take with your Compaſſes 
the diſtande from R tos, and placing 
one Foot in R, with the other deſcribe the 
pricked Arch PP, then take with your 
Compaſſes the diſtance from R to 5, and 
placing one Foot in 3, with the other de- 
{cribe the pricked Arch BB, and from the 
point where theſe two Arches interſect one 
another to the point R, draw a Right 


— 1 8 Rs | 
: 4 [| [1 t * N 
K 

Line, and that will be a true Perpendicu— 
lar: or open your Compaſſes to any con- 
venient Diſtance, and fer one Foot in the 
| point 


* 
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pomu R, with the other make a mark at 
pleaſure, as O, then keeping che Compals: 
point in O, with the ↄther de ſeribe an _—_ | 
as BB, as alſo another Arch to cur the 
ven Lide 1 — 8. Laſtiy lay a Ruler from 8 
to ©, will croſs the Arch BB in T, and a 
lingdrawnfromf 9 an be the perpen- 
i . 00 7; 
Hen. to 10 fall 4 —— Ae ms point: 
Aſſies d upon a Right Line. 


Let the Point given be C, and to let fall 
a Perpendicular upon the Line AB. Firſt 
from C draw a Line by chance, as CE, 
which divide into e "_ parts at B. 


2 war * * —_ rr *W ww WE Lu of 


= | EI wr ; . 

and with the diſtance DC deſcribe the 

Semicircle CFE, and note where the ſame 
D4 cuts 


56 
cuts the Line AB, and from that point A, 


to the point C, draw the right Line CF, ? 


which ſhall be the Perpendicular required, 
S'E CT. 
To- Divide a Line into 2 equal parts by 4 
f Perpendicular. 


as che given Line be AB, fix one foot 


of your Compaſſes in A, and ſetting them 
at any convenient diſtance above half the 

given line, deſcribe the Arches D and F, 
carry 818 Compaſſes to B with the ſame 


3 4x55 
. * 5 +114 
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diſtance deſcribe the Arches C and E, ſo as 
they may croſs the other Arches, and by 
thole Interfections lay your Ruler, and 
draw the line GH, which will cut the given 
Line in the midit, and be a perpendicular 
alſo to it, which was required. 
5 . £00007 1 C% 
S BCT: $20 A 
To Divide a Line given to any Proportion re. 
quired, as fo. Divide the Line A containihę 
40 Equal parts (let them be what they wi) 
in proportion, As 20 is to 30, or as the Lins 
| B 7s to C. „ 2 
Add the Lines B and C together, or Ti 
20 and 3o, Which makes 50, then ſay by | 
the Rule of Proportion. If 56 the ſum C 
of both the given Terms give 40 the | 
u hole Line A, what ſhall 30 the grea- A 
ter Term give? Multiply and Divide, |. 
you ſhall have in the Quotient 24 for B 
the greater part of the Line A, which | 
taken from 40 the whole Line, there 
remains 16 for the other part. p 
For as 50 is to 40, ſo is 30 to 24, | 
or 20 to 16, or as 30 is to 20, ſo is 
24.00 16. ot 


1 


L 
A 

But to do this Geometrically, or by Lines, 
ſuppoſe AB to contain 40, and you, would. 
divide the ſame in ſuch proportion as C- 


to. D. 
D Cy Fi rſt 
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Firſt; From the point A, .draw the Line 
AE at pleaſure, making the Angle EAB, 
then take in your Compaſſes the Line C, 
and ſer it ſrom A to F, alſo take the Line 
D, and ſet it from F to E, and draw the 
Line EB perpendidular to AB, Then from 
the point F draw the-Line FG parallel to 
EB, cutting the given Line AB in G, 10-is 
the Line AB divided. as requiret. 


* You 
— - « 03 : L I 3% \ 


* 1 3 


n M107] 13-3384 
_=_ 777 JI Be oY 
"8 21-07; 8 ' | CÞ 28" IC | 
By dividing the Baſe of a Right 'Argled 
Triangle by this Problem, and drawing a 
Line from the oppoſite Angle to the point 


of Diviſion at G, you divide the Triangle 
it {elf according to the ſame proportion. 


FIN 


SECT. 
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Three Lines being given to find a"fourth in 
proportion to them. Or to per form the Rule 
of Three in Lines, Dram 2 Lines, making | 
any Angle as the Lines ED and EF, then 
the Three (ID 11185 ABC, to find | 

the Line M. 


Firſt take ed Lins 4 10 in your, - Compatts 5 
(chat is 24 from a Scale of equa parts) and 
tet it from E to G, then rake the Line 
B 28, and , fer. t] filet = from E to H, 
then take the thir given Line in your Com- 

aſſes C 36, ant et it from E to K, and 

hrough che point K draw the Line I . 
parallel to GH, ſo mall the Line El. be 
the fourth proportional required, © For, as 


EG to EH, ſo xe A 


6.3 13 4 CE 
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To find a mean proportional Line between 
Two Lines given. 


Let the two Lines given be A and B, 
which join together in the point E, ma- 
king one right Line as CD which divide in- 
to two equal parts in the point G, upon 
which point G with the diſtance GC or 
GD deſcribe the Semicircle CFD,then from 
the point E, (where the two Lines are 
joyned together) raiſe the perpendicular 
EF cutting the Periphery of the Semicir- 
cle in E, ſo ſhall the Line EF be a mean 
proportional between the two given Lines, 
A and B. For, As ee 
ED. g. is to EF. 12. ſo is EF. 12. to CE. 16. 


* 
14 F " 
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To Protract by Scale and Compaſs, or for want 
of a Scale to make a Line of equal Parts, 
which together with 4 Line of Chords (the 
making whereof is taught Folio 67.) You 
may lay down any Line of what length you 
pleaſe : or any Angle of how many Degrees 
and Alinutes ſoever, which take as follows. 


Firſt, For laying down any Line of what 
length you pleaſe. There are ſeveral Scales 
both, of Braſs and Wood, (that is) a Line 
of equal parts for protracting of Lines; 
and a Line of Chords for protracting of 
Angles ;, (together with other Lines at 
pleaſure, as a Line of Rhumbs and Secants, 
or the like:) But for want of ſuch a Scale 
you may make theſe Lines your ſe If upon. 
Paper, Which will ſerve upon occaſion. 


4 9 = 1 


＋ 


and run it ten times over. 


Tee hereefrer/” O1 
- ſhaltbs rabglit ix in maki 


. Squates and Triangles. 
unneceſſary Repetitions, there are 


Of Gearorry) BOOK UI. 
Firſt then, To make a Line of 
equal Parts, open your Compaſſes 


to lome {mall diſtance ar pleature, 


Then 
ving the Compaſſes to the Ex- 


e . the whole Ten ſmall Diviſi- 
ons run that diſtance over nine 
times moreg to have you a Scale of 


equal parts, and one of them diyi- 


ded into other ten parts. Then ta- 
king 6 of theſe larger Diviſions in 


your Compaſſes, make it the: Radius 
or Semidiameder of a Circle;whare+ 


by you may draw a Line of Chords, 
or Rhumbs or Secants, — 0-9 u' 
22 


Noweto Protract by theſe ink 
thoſe 2 


following Geomervical Figures, vic. 
To avoid 


allo Protraftors(properly lo called) 
by which you may lay down angles, 
and avoid the drawing of many un- 
neceſſary Liues on the Paper; which 
ſaid Protractors are made of a thin 
piece of Braſs, cut into a perfect Se- 
micircle, and divided into Degrees 
of a Circle, with a hole in the Cen- 
cer, and a Diameter drawn through 


the ſaid Center, which is called the Meridian 


Line. 


The way of Protracting by this 
ro- 


onen 
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Protrattor, 'you ſhall alſo have exemplified 
in making of Squares and Triangles. And 
in the third place you may alto Protract 
Angles'from a Line of Right Sines as ſhall 
alto be fhewed'you hereafter ; and ſhall give 
you'tzamples' of each of thele ſeveral ways 
in every Figure, ſo you may make uſe of 
which pleaſes you belt.” But now to pro- 
ceed to fpeak of thoſe three famous Geo- 
metrical Figures, The Circle, Square, and 
Triangle particularly, and in order, and 
that in a double Capacity. Firſt, as they 
are Superficies, And, Secondly, as they 
are Solids. And firſt of a Circle. 


* 
— 
9 % * # 
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AX circle is a Geometrical Figure, which 


FN. of all other is the moſt perfect, being 
3 [ | 108 | . " * . 
an Emblem of Eternity, having neither 


Beginning nor End, and is made by the 
drawing a Line called the Circumference, 
equally every way diſtant from a Point in 
the middle called the Center, thorough 
which Point or Center a ſtraight line drawn 


from any part of the Circumference to ano- 


ther is called the Diameter; and any Line 
IF; HE aun 


—— 1 CI a — — — 
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drawn from the ſaid Center to the Circum- 
ference is called the Semidiameter or Radi- 
us, or Sinus Totus, the whole Line of Sines, 
which being divided into 90 unequal parts 
are called Right Sines. The whole Cir- 
cumference of the Circle, let it be bigger 
or leſs, is always ſuppoſed to contain 300 
Degrees, and is eccordingly by Mathema- 
ticians always divided into ſo many equal 
parts. The Semicircle-into 180, and eve- 
ry Quadrant, or fourth part of a Circle in- 
to 90, Each of the ſe Degrees are ſubdivi- 
ded into 60; Minutes, and each Minute ſup- 


poſed at leaſt to contain 60 Seconds, and 


every Second 60 Thirds, &c. as the large- 
neſs of the Circle will admit. Now by 
means of theſe Diviſions in the Circumfe- 
rence, for the finding out of Propottions, 


heſides the Line of Sines before- mentioned, 


there are many other Lines belonging to a 


Circle; as there are not only Right Sines,. 


but alſo Verſed Sines, Sines, and Sines com- 
plements, or Coſines; Tangents, and Co- 


4 ' 5 , 
' tangents, Secants, and Chords, for the 


underſtanding of all which. I ſhall give you. 


this following Diagram, and how all theſe 


Lines are draun and divided. 


he other 
deſcribe 


I. 


. 
i 0 
* * o — 
5 J * 
. 7 4 
- & as SW >> 
* 2 u . X 
f 9 —— 2156 446 50 | F 2 
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one Foot of your Com- 


75 
paſſes in che Center at C, with t 


% * „eee 


SECT. 
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deſcribe the Semicircie BAD, the Diame- 
ter whereof is BD, the Line of verſed Ipod ; 
which is no other than two Scales of- Sineb, 


as the whole Line BD divided into go De- 


grees at C and ſo on to 1890 at D. Now 
for the drawing of theſe, place one foqt of 
your Compaſſes at C, wih-the other de- 
{cribe occult Semi-Circles; as GKH drawn 
through 40 Degrees of the Line of Styes, 
gives 50 degrees of verſed Sines ar 11 
point G and 130 Degrees at H. 24 
Bris ö I | 


e 

To find the verſed Sine of any Arch A- 
rithmetically: If the Arch given be leſs 
than 9o, ſubtract it from go, and the ſine 
of the Remainder taken from the Total 
Sine or Radius leaves the verſed Line, If 
the Arch be greater than 9o, ſubtract go 
degrees therefrom, and ſeek the ſine of the 
Remainder, which is always the comple- 
ment of the given Arch; which fine add 0 


the whole ſinſe, and the total thereof is the 


verſed fine of the given Arch-defired.- 
| Aj | „ a 3 F . 


7 e f 


— 


Io draw a Line of Right Sines and Co- 

ſines through every Degree, or Tenth Be- 
gree of the Quadrant AD, draw right Lines 
parallel tothe Line CD, till they cut the 
Eines AC, and thoſe are ſines -a Line drawn 
$0112:90 _ per- 


5 
- 
N 
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perpendicutar from che ſame plate to che 
line CD is the fine complement or Cy 
as in the nt 7 f , 

2270 8 Z 0 = 4.5 

10 draw: a Lale of dagen and Co- 
tangents. |. For Pangentb: upon the point 
D erect a petpendicufar DE, and through 
every degree of the Quadrant AD draw 
right Lines from the Center C, till they cut 
the perpendicular DE, and theſe are Tan- 
gents. Another: perpendicular erected up- 
on the point A, aud touching the aforeſaid 
line drawn from the Center, N. Co- tan 
gents, as nb ill | | 


S Een login 9 970 
To draw a Secant is this very las drawn 
from the Center to E, which is the Secant 
of 50 degrees, the perpendicular it ſelf, 
which it EINE being the lis of Tan- 
gents? * Ni 1 ere 11 
Wie 9 E G. 6. | 
To New a ling Chords, 1 Draw! a ee 
line from B to A, and ſetting one Foot of 
your Compaſſes in B through every Degree, 
or every tenth Degree in BA, draw Arches 
to cat che ſtraight line, and chat ſhall be a 
line of Chords: | 
All chefe lines are of admirable uſe in fink 
ding of proportions, ariſing from that Sym- 
metrical 


— 
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metrical proportion there is betwixt a Cir- 
cle, and the parts and lines belonging there- 
unto; for according to the length of the 
Radius or Semidiameter, ſo is the Circum- 
ference; and ſo are the Sines, Tangents, 
Secants and Chords belonging to the ſame 
Circle or Radius: For Sines and Tangents 
you ſee what excellent Effects they have 
joyned with the line of Numbers in Inftru- 
mental Arithmetik. And for the Line of 
Secants, it is that which conſtitutes the 
Meridian Line, or Line of Latitudes of ab- 
ſolute uſe in Navigation; and for the Line 
of Chords, its excellency conſiſts in protra- 
Cting of Angles, without which (excepting, 
the Circle, which is perfectly round,) no 
other Geometrical Figure can be made or 
meaſured. Mi F 


Three Points being given, not lying in 4 dirett 
Line, to find the Center of 4 Circle, which 
- ſhall cut all the 3 Points. 


let the Points be ABC, open your 
Compaſles to ſome reaſonable Scantling, 
more than half the diſtance bet wixt A and 
B, with that wideneſs ſtrike a Portion of 


an Arch upon the point A, do ſo alſo upon 


the point B, and note the_ interſections ol 
thele 


_— oy — ö +. 
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theſe 2 Arches, as at Iand H, and produce 


a line from I by H infinitely. Then with 
your Compaſſes at the ſame diſtance as be- 


"oy 
* 
£ %, | 
: f — B 
2 * ; ©vu= nz, ; 

- | Sy 1 Dina 
** of „ 3. 
WH w * 

* 2 q . a 
"x — 
wo op 22 G 


fore, ſetting one foot in B; ſtrike an 


Arch towards C, and removing the ſame 


to C, ſtrike another Arch towards B, to 
croſs each the other, and where theſe inter- 
ſet as at F and G, draw another ſtrait line 
to croſs the former; and where theſe two 
ſtrait lines interſect each other, as at E, is 
the Center of a Circle, which ſhall cut all 
the 3 points ABC the thing required. The 
ſame Problem will alſo find the Center to 
any Segment of a Circle. al 


. — 


To 
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No Divide the Circumferetice of a Cir- 
cle into any Number of equal parts. Di- 
vide 360 by the Number of Parts, the Quo- 
tient ſhews the Degrees as follows. 


| 


| C120 1 L& * 30 f 
| 99 8 8 4 And note that 
„ Sethe Scmidiane- 
= | 60 OS] 6 | 8 ter will divide it 
= r 26 M. 7 ioto s parts, and 
r 
8 1 45 \ 8 the i th part of 
2 240 | 2 N 51 & the Semidiame- 
| 5. E ter into 36 © 
| 28 WS er info 3 cqual 
32 44 4: 11 i parts, Oe. 
| 238 3112 { 
3 1 
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Two Points within any Circle being given, how 
to defcribe the Arch of another great Cir- 7 
cle which ſhall paſs throuzhtho/e two Pointe, 

and alſo raid. the Cirenmnference of ibecgi- 


4; den Circle into wo eqnn Pn. 1. 
18S 2 enen TE) & 10 2930199; 58) 
Let the two Points'be E F, through ei- } ' 


_ erect a perpendicular AG, and fo have you 
"three points EFG, through which 3 points 
| N . deſcribe 


® „ 
* 
y * * 
7 
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3 
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deſcribe a Gel whole Cether jy find 
to be H>which will paſs through the two 
given points Kk, and divideithe circumfe- 
rence of che given Circle into 2 "oh, yy 

fl ang l. 85 8 ore n: oh 
pe NH. 6 £07 
To 0 a Ri 80e Lame; the ci gange 
of a Circle gien 


Let the given Circle be BDCFE, Divide 
the upper Semicircle into halfes at D, and 
the lower Semicitcle" into three equal | parts 
at F and E, and draw the lines DE, DF, 
which cut the Diameter of the Circle at 
G and H. Then make GI equal to GH. 
And the length D is © very little more 
than the length of che quadrant BD, _ 
ther 
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D 
Pogo 


E - i 
ther doth the exceſs amount unto one par 
of the Diameter BC, if it were divided in 
to 5000, and four times the extent D 


will be a little more than the whole cireum 
ferenceof the Circle. 


PROB TL. 4. 
7. 0 draw a Geometrical Oval, 15 


Firſt, Draw two equal Circles, whol 
Centers are A and D, the Diſtance AD 
being equal to the Radius or Semidi; 
meter o each Circle: Then open en 

om 


* 
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in 


IM 
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AL 
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Compaſſes to the Whole Diameter of the 
Circle, and fer one Foot in H, with the 
other tirike the Arch BG E, and with the 
Foot of the Compaſſes removed to G ſtrike 
the Arch FHC, to will the Figure BCFE 
be a perfect Geometrical Oval. 


* 
— — th — a N . 23 _— _—_— —— 
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CHAP, BY 
Aving ſhewn you how a Circle is pro 
duced, with all the Parts and Line: 
belonging thereunto; I come to ſhew you 
in the next place, how, other Figures may 
be reduced thereunto; and afterwards 
ſhall fhew-you how to meaſure a Circle ei- 
ther Superficial, or Solid. 
1 1 Now 


| Now the Figures which may be reduced 

| to a Circle, and meaſured by its Rules, are 

not many: Myreading affords me only two 

material, which are the Oval and the 
Square. 5 N 

And for the Oval divide the Diſtante on 

the line. of. Numbers between the- lepgth 

and the breadth of the Ovat into ewo qual 

Parts, and the middle Point where the 

N ayeth on ſhall be the Diameter 

of a Circle egual in Area to the Oval gi- 
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Jo Reduce 4 Circle into a Geometrical Square, 
or by knowing the Superficial content of a Cir- 
dle, to find:ithe ſide of 4 Square equal to it. 

| Be : 1G 3.45 3 


Extract the Square Root of the whole 


content of the Circle, by taking half the 
'Logarithme of the {aid content. As ſup- 
pole the content to be 616, the Logarithme 
. . Oy 2 
Take the half thereof, . 
8 Which is the Square Foot 1:3947 9 3 
The neareſt number anſwering hereto is 25, 
{o the ſide of the Square ought to be near 
25 ofihe ſaid parts, whereof 646 were 


tuppoſed to be the contents, whether In- 


ches, Feet, Tard, G d 


SECT. 


"74 Of Geometry, | BOOK fr. 


BOOK . Of Geometry. 2 75 
egen e. 

Te Reduce a Circle inte a Geometrical Squaye; 
- Having 4 bed wheels aw; 4 Dia- 
meter, which divide into 14 parts, and en 


11 of thoſe parts erect a eee 
which extend to the circumference, and 


from the pode of IO 1 draw a 
Ine to the extream part of th& Diameter, 
ohich Line ſhall be che ſide of the Square, 
J entaining the 55 oport ion (or Area) of the 


PD; DIE e 
8 E . * F 


7 
4 To Reduce 4 Se to 2 Cifele e FO WR 


'Thie fide of the Shbare (s above) is the!” 
a= of x Number, which is the Sa- 


E 2 perfici⸗ 
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perficial content of a Circle equal to the 
faid Square, and knowing the ſuperficial 
content, you may find the Diameter. If 
the Diameter be io, the Superficial content 
upon the line of Numbers is 78.54 parts. 


| Divide the diftance betwixt the given con- 
g tent, and 78.54 into two equal parts. The 
| ſame diſtance the ſame way will reach from 


10 to the Diameter required. 
5 S e. 


To Reduce a Geometrical Square into a Circle. 
E PF 

Take any ſide of the Square, and Divide 

dt into 11 parts, deſcribing a Semicircle te 


the ſaid Diameter: Then on 8 of thoſe 
parts erect a perpendicular, which extend 
20199 2x 1 to 


1 


—— 


e 3 


le 
to 


to the circumference of the Semicircle- 
Then draw a Line from the extream part 


of the Diameter, interfecting the perpen- 


dicular in the circumference of the Circle, 
and continue that line till it rouch the ſide 
of the Rr ſo that line will be the Dia- 
meter of a Circle anſwerable to the Square 
given. | 


— 


ä * 11 
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CHAP. IV. 

O conelude, (and to get out of this 
1 Circle) it remains only to ſhew you 
how-to meaſure a Circle, and conſequently: 
an Oval; a Square, or any other Figure re- 
ducible thereunto. "1 
Firſt then for a Superficial or Flat Circle; 
ſuch as may be a piece of Ground, or Board, 
or Glaſs perfectly round, or any other Flat, 
Round Superficies. Take theſe Rules. 


S.E c n 
Having the Diameter te find theC ircumferences- 


. Multiply the Diameter by 22; and Di- 


vide the Product by 7; as 28 by 22 i616 
Divided by 7 is 88. a IR 
R'3: . SEW. 


— 
* 
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—* 7% e 
J Heving hee reste find the Diameter. 


| | - Mulciply by 75 and divide by 2a. As 88 
—_— by 7, gives 616 Aided oy 22, 


| 
| is 28 the Diameter. 
| e C93 
ö By the Diameter only to find the ea or 
Superficial Content, : 


_ Multiply tha Diamorer Ny it ſelf, as 28 
by 28, that makes 784. This Product mul- 
| . riplyed the ſecond time by 11 is 8524, 
{ - which divide by 14, the Quotient will be 
616, and that is * Area of the Circle. 

For a half Circle, a Quadrant or any leſs 
fer portion of a Circle, whole Point goeth 
to the Center. Half the Arch multiplyed 
by the Semidiameter, produceth the Super- 
fſicial Content. 
| To- meaſure the content of the segment 
of a Circle, Take the Chord 125, and the 
Perpendicular 4, and multiply the whole 
| of the one by two Thirds of the e 
and it will come very near. 

To ſind the Superficial content of 2 Cir- | 
ele, you need do no more but multiply 
half the circumference by half the Diame- 
BE...» As the Circumference being 44, the 
N r | half 


— 


07” 
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half is 22, the Diameter 14, the half is 9 
Multiply. 22 by 7, and the exact content 
of the Circle is 154. 
Io find the whole Diameter of a Circle, 
by knowing part thereof, and the length of 
the Chord croſſing the Diameter in that part. 
Suppole part of the Diameter to be 4, the 
Chord interſecting it 12 5, Square one half 
ol the Chord 6g. multiplyed by it ſelf ĩs 40, 
divided by-4 the part gr, the;Diameter gi- 
yen, .relts 10, which added to the faidpart, - 
thews the whole Diameter to be 4, whe- 
ther the Section be of a. Circle, or of a - 
See, + e 

«<a; ile - Med 915173 g lo no 
de 
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Of a+. Solid Circle, ſueh as- are Globes, 
Spheret, Bullets, Balls, or the lille 
, To find their Solid Contents,” 
MIA the diameter of the Cirele by 
it felt, as 28 by 28 makes 784, this 
Product multiplyed the ſecond time bythe 
Diameter 28 makes 21952, which two 
Multiplications are called cubing of the 
Diameter. Then multiply that Cube Num- 
ber by 11, makes 241472, and divide this 
\ E 4 - laſt. 


#11 &K\% 4 


of 
"ON" a 


” ” — 75 
: 4 x E 
« ® - 1 & 5 *« *.# - 
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laſt product by 21, produceth the Solid 
Content 11498 3 7. ne 


r 

038 alot; , d eee 
To find the ſolid Content of a Globe ana- 
ther WAY. rd : | k 


Find firſt the ' Superficial content of a 
Globe, which to do, if. you multiply half 
the diameter by half the circumference, the 
Product is the Superficial content of a Circle 
of equal diameter. As 28 multiplyed by 88 
is 2464 And then if you Multiply the 
content of a Circle having the like diame- 
ter by 4, the” Product is the Superficial 

content of a Globe, as 616 multiplyed by 
4, produceth likewile 2464. . 


Nom hereby 2 the ſolid Content of a 

„„ 
Multiply the Superficial content by the 

| fixth part of the Diameter, the Product 
fhall be the folid content of the Sphere. 


8 ” 
* ,, =- N 


wi WO WwOoUuvu = mg 
| 
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tn like manner knowing the ſalid content of. 4 
Globe, to find the ſide of 4 Cube equal to 
the Globe. | | 


Extract the Cube Root of the ſolid con- 
tent of the Globe, which is done by taking, 
the third part of the Logarithme of the ſaid 
folid content. And this Cube Root ſhall be-- 
the ſide of a Cube, which in ſolid contents 
ſhall be equal to the Globe given. 


FECT: 4 
And. to find the Superficial Content of the - 
Segment of a Globe; ſay, If the whale Di- 
ameter 14 give the Whole Superficial Con- 
tent 616, what will 4 the parc of the Dia- 
meter give, which you will find 176, and 
ſo of any other. 5 


And thus much ſhall ſuffice to have ſpo- 
ken of a Circle, how it is produced, redu- 
cell, and meaſured. : 


kavia hitherto treated of a Circle ind 
Globe, I come now to ſnew you the Produ - 
cing, Reducing, and Meaſuring of the other 
two. principal Geometrical Figures, the - 
Abart and 8 as I have already done 
4 {b Tong 
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eoncerning the Circle. And as the Circle 
was made up of a point, and a crooked or 
circular line drawn round about it; ſo. 
Squares and Triangles are made up of Lines 
and Avole; ; Squares, and right lined T7/-. 
angles of ſtreight Lines aud Angles, Sphæ- 
rical Triangles of crooked circular. Lines 
and Azgles :- Now. a itreight, or a right 
line is the neareſt diſtance drawn betwixt 
wo points. | | 4 Sf, 
A circular or ſpherical Line is part of 
tte circumferer ee of a Circle bigger or leſs. 
An Angle in a Spherical Triangle, i- (as. 
Was ſaid before) the diſtance of iwo Lincs. 
meeting in the Angular point, and-mea-. 
{ured in the circumference of a Circle at the 
diftance of the Radius, or Semidiameterof 
the laid Circle from the ſaid Angular point, 
which pray obſerve very well. + 31 
Now every Circle, whether great or lit- 
tle, doth contain 360 degrees, every de- 
gree containing 60 Minutes, ſo that a Se- 
micircle contains 180 degrees, a Quadrant 
or fourth part of a Circle go degrees, Now 
if an Angle be a Quadrant of a Circle, and 
contains 90 degrees, it is called a Right 
Angle If it contains leſs than 90 degrees, 
it is called an Acute Angle, if more than 
90 degrees, it is called an Obtuſe Angle. 
Theſe Angles and Lines. do conſtitute all. 
kinds of Geometrical Figures whatſoever. 
_— 
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N 41 are ſeveral ſorts of four ſided Fi- 
1 gures, as the Long Square, or Paral--- 
islogram,. Whole Angles: are all equal, a 
Rhombus, and x Rhombpiges, whole;oppe - 
lite ſides ate gll equals and a Trapęzium 
conſii ing of 4 unequal ſides, and 4 unequal 
Angles: But all theſe being reducible to 
2 Triangles, or to a Geometrical Square, 
it-i$ the Geomerrical Square which F ſhalt 
hers ſpeak of, which cbnſiſts of 4, equal 
St ig Sides, and 4equal-Right Aygles. - 
1 4 

To hu ae a;Gtometrical Square mhoſe ſide ſhall * 
be equalito a Line given, or to any Number 
oF equal;parts,ſuppoſiag the ſame to by either - 
Fe.“ ar di, Perchłg, or any othef Mean 


re. 
. 
\ * 


A ſupp vol _ OY 
whoſe fide ſhouſd contain 36 equal parts, 
(whieh {uppoleyards) or whoſe ſide ſhould 
be equal co chegine QR,, which is the ſame ; ; 
Firſt, From your line eee | 


upon your Scale, or prickt out upap EAPEF, — 
" take 
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ger diviſions, which ſignifie 30, then ex- 


tend them further to:6 more of the ſmaller 
diviſions, which together make 36, and 
prick out, and draw a line of the ſame. 


length as AB : then by the Probl. fol: 
54, erect a perpendicular upon the end of 
the ſame line at B, containing the ſame 
length. Then keeping your Compaſſes at 
the diſtance of QR, or AB, or BC, (all 


three being equal) ſet one Foot of your 


— 


Compaſſes in the point C, with the other: 
n „ 61 ESD FIC STHT +7 Te * 


A: 
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deſcribe the Arch at D.: Alſo the compaſ- 
ſes reftins at the ſame diſtance,” place one 
foot in A, and with the other croſs the 


_ ſorter prickt Arch in the poiht D. Laſtiy, 


Where 


TY 


take with your Compaſſes three of the lar- 


— —_— —— ” 1 9 a 


; 
9 
7 
2 
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where theſe Arches interſect one another, 
make a prick with the point of your com- 
paſſes, and from: thence draw Tight lines 
from D to C, and from D to A, which 
ſhall inelude the Geometrical Square, 
ABCD. er eee eg. 
© Now if inſtead of erecting the perpendi- 
cular BC(as is before directed) you protract 
an Angle of 90 degrees, or a right Angle 
at the point B, it will effect the ſame thing, 
and a line drawn at the ſame Angle will be 
a true perpendicular. * Sy 50N 0 

Now I told you before, there were 3 ſe. 
veral ways of protracting an Angle. 

1. By Scale and Compals, or a line of 
Chords. . 125 2487 | 
2. By a Pretractor properly ſo-called; 
3. By a line of Right Sines, and J ſhall 
ſhew how to protract an Angle of 90 
degrees at the point B, every one of theſe 
ways. ä 


SECT 1. 


Firſt; By a line of Chords; and note that 
you mult either have a line of Chords, whoſe 
Radius is ſhorter than the line AB, or DC, 
or elſe you muſt produce theſe lines till they 
meet with the Radius. Then with your 
Compaſſes ſet one foot at the beginning of 
your line of Chords, aud the other extend 

| to 


— 


| 
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to 0 (where uſually are braſs Centers in, 
moſt Scales) and with that extent ſetting 
one Foot in B, deicribe an Arch of a Cite, 


75 cutting the lines AB and CB, and then 
rom the points Whcre this Arch interſects 


- 


the lines AB CB, meaſure with your eoms 


paſſes in the ſame; Arch the Chord of vo 
degrees, Which is the diſtance from the be- 
giuning of the line of chords to go degrees 
or the whole ine, and making a prick there, 
lay your Ruler to the ſaid prick and the, 
point B, drawing a ling{;ed! the.peint; B. 
and the Angle lat. B contained hetwixtiche 
two lines Ah and BC ſhali bea Right An: 


gle, or an Angle ef go degrees, which was 


the thing required; and the like ig te he 
done for any other Ange, eu hag gan- 
tity of degrees ever, a8 04. 501 130. 
degrees, with their odd Mutes, if chere 
be any ; but 1 hope this Example may ſerve 
for all, or inſtead of many, lo | ſhail menti- 
on no other in this place. | 


SE CT. 2. 


4 Secondly, By the Protractor do thus, pet 


a Pin through the Center hole, fixing it in 


the point B, then lay the Meridian Line of 
the Protractor upon the Line AB, and. by 
the edge of the Protractor make a mark 
againſt. 90 degrees, and from that mack 

| raw 


: 
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draw a line to the point B, and the Angle 
included betwixt the two lines is an Angle: 
of o degrees, as before; » Suppole the de- 
mi - circle BAD, (as in pag. 65 ) were a Pro- 
tractor, the Limb thereof. divided into de- 
grees as there it is, the poind C is the hole 
at the Center, the Line BD is the Meridian 
line, and at the point A you find 90 de- 
grees: The like 13 o be underiiood of any. 
other Number of degrees what ſoc ver, more 
or leſs, or any other Protractor whatloever. 
Lay the Meridian. upen AB che Line given, 
the Center upon B, and agatnit go degrees, 
or the point A in the Protractor make a 
mark at C, and from C to B draw a Eine, 
and AB, and CB will include an Angle ot ; 
go degrees as required. | Þ 


- 
o 
+ DFT \ o . 
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Thirdly, To Protract an Angle (which 
luppoſe go degrees) by the line of Right 
Sines, do thus. Firſt, Set one foot of your 
Compaſſes in the beginning of the line of 
Sines, and extend the other to the Sine of- 


F 30 degrees, with this extent ſet one foot of 
{ your. Compaſſes in the Angular point at B, 
and with the other ſtrike an Arch of a Cir- 
cle, cutting the Line AB produced to a ſuf- 
4 heient ditiance. Then. taking 45 degrees 
ok from the beginning of the: line of Sines in- 


your: 
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your Compaſſes, which is half of go, (or 


the half of any other Angle required;) and- 
ſetting one foot of your Compaſſes in the 
point of interſection where the Arch cut- 
teth the Line AB, with the other foot of: 
your Compaſles make a mark in the faid. 
Arch, and- from that mark draw. a right 
line to the — point B, ſo is the Angle: 
included double to the diſtance upon the 
Arch, viz. 90 degrees. And what is here. 
ſaid concerning the protracting of an Angle 
of 90 degrees, is in all Reſpects to be un- 
derſtood of any other Angle, or any Num- 
ber of Degrees whatſoever, whether more> 
or-leſs, the ſame Rule of working being 
oblerved for one as well as the other. 


And ſo much ſhall ſuffice to have ſpoken. 
to the firſt particular concerning a 
Square, to wit, the Producing or Ma- 


f\ , 
* 


" * * 
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In the next place,T ſhall ſhew you the Re- 
ducing of it 5, or rather, the Reducing 
of other Figures to it, which take as 


rr 


To Reduce a Long Square to 4 Geometrical 
Square. 85 


11 


% 


Hich is no more but to find a mean 
proportional betwixt the length 
and the breadth of the Long Square, for 
that ſhall be the length of a ſide of a Geo- 
metrical Square equal in content thereunto. 
As ſuppole the length of che Jong Square 
to be 64, and rhe breadth 16, -between 
which-two the mean proportional is 32; fo 
that a Geometrical Square, whoſe ſides are 
32, will be equal ro this long Square. 

Now to find a mean proportional by Com- 
mon Arithmeticł, or Arithmetically, is taught 
before by Logarithmes, (pag. 33.) By 
the Lines of Numbers, Sines, and Tan- 
gents, (pag. 43.) By Protraction, (pag. 
60) where you have the variety of 

R doing 
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doing it all theſe ſeveral ways, to which 1 


refer you. 
1. - vi Ta © Gy 
; 2 S E ＋. 2. 
To Reduce a Rhombus or Rhomboiaes toaGe- 


"os... - „ 


ometiical Square. 
8 { , y ; * 


From one of the Obtuſe Angles let fall 
a perpendicular, and a mean proportional 
between the perpendicular and che fide 
whereon it falls is the ſide of a Square 
equal to the ſame. * - | 


N, 3. e * 


To Reduce à Triangle to a Geometrical Square. 


1. —_— A » * = * 89 1 


e eee 
half the Baſe and the Perpendicular, which 
ſhall be the ſide of a Square equal to the 


Triangle : As ſuppoſe the Bate 72, half 


whereof is 36; and fuppole the perpendi- 


cular be 25, the mean proportional will be 


30. And ſo any other irregular Polygon, 
(or many - ſided Figure) may be reduced in- 
to a Square, if firſt you Reduce che ſame 


into Triagg les. 07 

And thus much for Producing and Reducing 
4 Geometrical Square: Nom in the laſt 
place, to Meaſure it. | 


GHAP. 
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CHAP. VII. 


" | The laſt thing that remaiit to be ſpoketo 
about 4 —.— is the Meaſuring of it ; 


1 of which I come now to Lane C7 
1 , einn # 
b SECT. 
J 

7. Meaſure the Square, 


Ws, is very eaſe and ſhort, Mul- 
tiply one of the ſides in it ſelf, or 


by it ſelf, { — the Product is the Superficial 
n | Content or Area: As 6 by 6 eee 36, 
hand 4 514 16, GMG. 

e 


f SECT. 2. 
i | But veſides this Superficial, or Flat $4 * 
e there is alſo a Solid Square; ſuch is a Erbe; 


1, when the Top and the Bottom as well as the 
fa 4 ſides are all Squares in faſhion of a ys 
e Now ro Mealyre-this. . 


Fir; Moltipleche: lengrh-by a Tents 
„that gièes the Superficial; Content, and 
chat Superficial Content multiplyed again 

by the N gives che Solid Content in 
I Cube In iches 
. L CHA P. 
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Of a Triangle, 


Aving ſpoken to the two former Geo- 
metrical Figures, the Circle and the 
Square. In the third and laſt place I come 
now to ſpeak of a Triangle, which is the 


moſt admirable of: all the Fhree; The Pro- 
_ ducing of which, the Reducing whereunto, 


and the: Meaſuring whereof is the Sum-and 
Subſtance of all the Mathematicks. * 
For hereby we meaſure both Sea and 
Land, all Regular, and all irregular Bo- 
dies; the very Heavens themſelves, and all 
the Heavenly Bodies: All Real and Imagi- 
nary Magnitudes, Heights and Diſtances, 
whether acceſſible, or inacceſſible, as in the 


following part of this Diſcourſe you may 


beſt diſcern, when we come to particular 


Application of a Triangle, to Surveying, 


Navigation and Aſtronomy. 

Triangles are of Two Sorts : Either 
1. Plain; or, 2. Spherical, each conſiſt- 
ing of three Sides and three Angles, which 
together make ſix ſeveral Parts: Any three 
of which Parts being given, any, or all « 

the 
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the other three may be found out by the 
Golden Rule, or Rule of Proportion. 

For Sphærical Triangles, they properly 
belong to Aſtronomy, and the Reſolution 


of Aſtronomical Queſtions; therefore I ſhall 


paſs them by in this place, and refer the 
Reader till I come to ſpeak of Aſtronomy, 
and ſhall then ſhew jou the Refolution of 
them; and how thoſe Queſtions about which 


they are converſant may be reſolv'd Inſtru- 


mentally, with far more eaſe, more plea- 
ſure, and more plainneſs. At ꝓreſent I ſhall 
ſpeak only to Plain or Right Lined Trian- 
gles, which are ſufficient for Samveying and 
Navigation; for taking Heights and Diſtan- 
ces both by Sea and Land. 3 
Now of theſe, If any one of the Angles 


be a Right Angle, or g9o Degrees, it is 


called a Right Angled Plain Triangle. If 
any of the Angles be an Obtuſe Angle, or 
more than go Degrees, it is called an Obtuſe 
Angled Plain Triangle. If all the Angles be 
Acute leſs than go Degrees(which they muſt 


be if they be neither of the for mer, ) then it 


is called an Acute Angled Plain N iangle. 
And of theſe in my former Method as fol- 
loweth. | : e 2610 


YC 
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N 5 fied, plane [ hall PEI 
1 ſhew. you, how-to Produce, Pro- 
tract, or Frame a Triangle. 

12. T ſhall ſhew you how all ochib/Eigoren 
whether Regular or Irregular may be Re- 
duced to one Triangle, or however to ma- 
ny and ſo meaſured by its Rules. 

3. Ho to Meaſure a Triangle, or ar to 
find the Contents either of a Superficial, or 
of,a-Solid Triangle. And like w iſe by ſome 
of the ſix parts given, (viz, Sides and An- 
gles) To, hin the reſt, which is propeily 
called che. :Reſplution 'of a N or 


Trigonometry. 04 Da 5 16: £> 


Firſt then, — Prigdare, Promact, Lop 
down, or Frame a Triangle, is no more but 
the; procractingy/or laying down of Lines. 
and; Angles. The Lines or Sides are laid 
down from a Line of Lines, or equab Parts, l 
and the Angles are protracted by a Line 
of Chords, or by a Line of Sines, or a Pro- 
tractor, as you lee is taught in the making 
of a Square, pag. 83, 84, 85, Cc. But be- 
cauſe there is only mention made of a Right 


Angle, (a Square admitting no other) ! _—_ 
ere 
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nere give you Examples of other Angles al- 
ſo. Now you mutt know that every. Acute- 
augled Triangle, whoie' Angles are all A- 
cute, doth contain 180 degrees, all the An- 
gles added together; A RIH Angled Tri- 
angle, beſides the Righe Angiovtichts al- 
ways go degrees, conmms ber ya in the 
two other Angles ; theton whereof is al- 
ways the complement of the other to go 
degrees more, being in the Whole 18 de- 
grees, or a. Semicirele exactly. Amn Obtuſe 
Angled Triangle, by how much the more 
the Obtuſe Angle is more than!2ge by ſo 
much the other two are leſs than, go: Alf 
three together notwithſanding making ex- 
actly 180 degrees as the former. 

So that the Three Angles of every Tri- 
angle are equal to two Right Angles, or 
180 degrees, whether it be an Acute, Ob- 
tule, or Right Angled Triangle. 

As the Angles are thus diſt inguiſhed into 
Right, Obtuſe and Acute, ſo allo are the 
Sides. of a Right Angled Triangle (which 
is of -moſt uſe and exceilency) diſtingui- 
ned: into theſe three, the Baſe, the Per- 
pendicular, and the Hypothenuſe, (in 
other Triangles, either Obtuſe, or Acute, 
they are called the Hypothenuſe, and the 2 
Catheti.) Or others divide them into the 
ſubtending fide, which is the fide oppoſite 
o any Angle, and the two containing ſides 

which 
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which are the ſides nextion either fide the 
ſaid;Angle- d, un bf e 

In a Right Angled Triangle, the Hypo- 
thenuſe is always the ſide oppoſite to the 

Right Angle, the Baſe is uſually accounted 


the longer of the other two, and the per- 


pendicular the ſhorter, including the Right 


Angle betwixt them. 


Now to make a Triangle, whoſe Baſe is 


400 Inches, Feet, or Yards, and perpendi- 


cular 231, and -Hypothenule 462; the 
Right Angle 90 degrees, the Angle at the 
Bale 3o degrees, and conſequently the other 


Angle at the top of the- perpendicular 60 


degrees, being the complement of the 


other Angle at the Baſe to 90 degrees. Take 


this following Example. 
Firſt, Draw a line at pleaſure AB, and 


with your Compaſſes take 4 of the larger. 


equal parts from your Scale or Line of equal 
parts, and mark that diſtance upon the ſaid 
Line AB, ſignifying 400, then upon the 
Point B raiſe a Perpendicular or protract 
an Angle of 90 degrees (which is all one) 
as is taught pag. 86. either by a Line of 
Chords, a Line of Sines, or Protractor. 
Then with your Compaſſes take 231 from 


the Line of equal Parts for the length of | 


the perpendicular; and ſetting one Foot in 
the Angle at B, make a mark with the other 


for the length of the perpendicular; Then | 


upon 


4d 


on 
> 1 
net 
gen 
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upon the Angle A at the-Baſe protract an 
Angle of zo degrees on this manner. 


97 


"> * 12 
X 3 
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Firit, by a Line of Chords, ſet one foot 
of your Compaſſes at the beginning cf the 
Line, and extend the other to 60 Degrees 
for the Radius: Then with this extent ſet- 
ting. one foot in the point A, delcribe the 
Arch DE, cutting the Baſe in E, and then 


* * 


letting pue foot of your Compaſſes again in 
the, begunning of the Line of Chords; ex- 
tend the other to 30 degrees, (that being 
the number of degrees the Angle is to con- 
tdin) and ſetting one foot of the Compaſſes 
in the point E, where the Arch does inter- 
dect the Baſe; with this extent of 30 de- 
greeß make a mark, then laying your Ruler 
0 the ſuid mark, and the Angular point A, 
draw: tine at length, or till it meet with 
the perpendicular, fo {hail the Angle at the 
Bate contain 30 degrees, and the other at 
the 1 60, being the comple- 


nent ge dugrets, 
. — — — ; 


* SECT. 2. 

Now by the Line of Sines to protract the 
Rid Angle of 30 degrees. Firſt, take in 
your Compaſſes 30 degrees of the Line of 
. F Sines 


— 
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lines, and at that diſtance draw the Arch, 
and at the diſtance of 15 degrees which is 
half of 30 the Angle required, draw the 
Hypothenuſal, ſo ſhall it be an Angle of 
30 degrees. 
e enen, 
And laſtly, To protract this Angle of 
30 degrees by the Protractor, do thus: 
Prick the Pin through the Center hole in 
the point A, and lay the Meridian Line up- 
on the Baſe AB, and making a mark by the 
edge of the Protractor againſt 30 degrees, 
by the ſame mark, and the point A, draw 
the Hypothenuſal AC. „ 


So that by any of theſe three ways you 
may protract an Angle, and any other An- 
-gle as well as this in the Example; obſer- | .. 
ving the {ame Rules, Which together * Fj 


Fg TD OO w " Wigs! 
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the ſides protracted from a line of equal 
rts, makes up the compleat Triangle, 
ABC; and by conſequence any other Tri- 
angle Whatſoever: Only in an obtuſe An- 
gle; where ir is more than go. degrees, as 
{uppoſe 140, you mult firſt prick out go 
degrees, and from thence the . remainder 
that is 50 degrees more, which together 
make 140: And the fame Rule is to be ob- 
ſerved — odd 1 as is s here given for 
2 all along. * 
1 8. E. c 2. 4. 
Three Lines being given, fo thatthe t two fourts 
eſt togather be longer than the. Third, to 
make thereof 4 Treargle, | 


TRI given be A, B, C, 
Firſt aw the line DF equal ta the line B, 
hog take with 2 Compaſſes the line C 


and 


TOO Of Geometry, BOOK. 
Aid fettins' one Foot in E, with ** 
deleribe the Arch EG : Alfo taking the g 
ven Line A in your Compaſſes, and pl 8 
one fodt in D, with the other deſctibe the 
Arch HE, cutting che for mer Arch HG iii 
the point H. Laſtly, if from the point H 
vou dtaw the Lines EIE and HD, yoir ſhall 
conſtirute the Triangle HDE, whoſe ſides 
zal be equal tothe chrèe given] aq BY 
| 1 HS 432) I HI C. Ch ec; . | F 
1118 S ECT. le eon; 
| men + iartgie ro contain 910 0 parts 
eee Perce h whife\Baſe ſhall be 5 
"nn the fame equi. * be Loop ok they * 


—— . 
. — 
— 
—_ * 
——— — — r —— 


Double the kumber of Perches 
J Parts 910, and they make 1820 ; d 


by 11 boleche; „the Quotient will a the | 


13 length af the . of tles 'Txfans 
| = SI 8 "1 2516917 : . gle, 
Ds | 1 


— 
_ — me - _— = 
— 
” * 
———— —— 2 —- = 
. 4 


1 v. AC end 
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ple, to wit, 36 3. Then from any Scale g 

equal parts lay down AB the Baſe 50, then 

upon B raiſe the Perpendicular BD 36353 
and draw the line CD parallel to AB : Then 
from any point in the ine CD (as fram EQ 
draw the lines EA and BB, ineluding the: 
Triangle EAB, which ſhall contain 910 

equal parts as required. And the like, if 
you would make a Triangle to contain any 
other,number of Perches or equal Parts, the 
Rule is the ſame Mutatis mutandis. 


9 4) E C Tor J. 
i rn bie 21 oil 7 
td mae Right Angle readily. 
1 448 Ht 1 ts 2109 071 101! 958 5 . 
Take a. Line fon the Hypothenaſub and 

divide ãt into five eu parts, thee take, 


erg 1 
21 „ , AFL, : 


- 
2 — 211614 1 
—_— 
_ 
| 
— 
— 
1 
1 = 
2s Wow — nf es A 5 
"MI 7 ; | ; 
C. * l , we Oy - ” 


2 < 
& © 
- 


three of thoſe equal parts for the Baſe, and 
four for the Perpendicular, and joyn thefe- 
. 8 toge - 


2 * 
— — — — —— — 
LY 
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together: Or, draw a Semicircle, as ABCD 
upon the Center E, (DA the Diameter) 
and from A draw a Line to the Circumfe- 
rence, as at B or C.: Then from B or C 
draw Lines to A or D, ſo have you made a 
right Angle, as ABD, or AP). 


SECT. 7. 


To Divide a Triangle into any proportion 
what /oever, ** | 


By the Fifth Geometrical Problem, (p. 58.) 
Divide the Baſe of the ſaid Triangle in 
proportion, as 20 is to 30, as there it is 

done, and from the point of Diviſion at G 
draw a Line to the oppoſite Angle at E, fo 
is the Triangle it ſelf divided in the ſame 

proportion; for as the Line C20 is to the 
Line D 3o, ſo is the Triangle EAG to the 
Triangle EBG. | le 


To do this Arithmetically. | 
Suppoſe che whole Triangle to contain 
$ Acres, and if it be required to Divide the 
tame into 2 parts by a Line drawn from the 
Angle A, the one part to contain 5 Acres, 
the other three. Firſt meaſure the whole 
length of the Baſe, which ſuppote 40, then 
fazby the Rule of Proportion. If NO 
| the 
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(the Quantity of the whole Triangle) give 
40 (the whole Baſe) what, parts of the. 


———_—_ ” T 
Sucre 


ro 
—C ELLEN 45 


Ie Zr 


S8. 


Baſe ſhall five Acres give? Mulciply and 
Divide, the Quotient will be 25 for the 
greater Segment, which being - deducted - 


from 40 (the whole Baſe) there will remain 


15 for the leſſer Segment, then draw a Line 
from the oppoſite Angle, which ſhall Di- 
vide the Triangle according to the propor- 
tion required. | | | 


on 


—— — — - 
— — Py Cm” n 6 * 
6 


— — — — 
* a : D 
I I* ' 9 * 
- g hon 
C H A 4 XI. a 
* 
. 0 


1 2. \ — 
Hus much ſhall ſuffice for producing, 
and framing a Triangle, and alſo for 
dividing the fame: In the next place accor- 
ding to my former Method, to ſhew ho- 


other Figures may. be Reduced. to Trian- 


1014 F 4 | ples --- - 
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gles: And herein appears the excellency of 
a Triangle above the Teſt, that all Geome- 
trical Figures, whether Regular or lrregu- 
lar, which can be redueed to neither of the 
former, that is, neither to-a Circle, nor a 
Square; may yet be infallibly reduced to a 
Triangle, or however certain Number of 
Trangles, Heyburn in his Firſt Book. of 
his compleat Surveyor; containing Geome- 
trical Problems, ſhe ws Probl. 30, 31. 32, 33. 

How to e- a Trapezium, or any irregu- 
lar Plot of 5, 6, 7, or 8 ſides into a ſingle 
Triangle, which I 0 in this manner. 


To Reduce à Trapexium into a nge con- 
e 4 eqn, ſia des. 5 E 


Extend the line DC, and draw ths 11 
n * D. Then, from the Foint 4 7 


ad 


1270 


7 


1 * 
6 1 = 


"> 


the line AE = 15 BD, cating, it 


till t. cut "the fide C the point EEalfliy, 
From 
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of From B draw, the line BE, conſtituting the 
me- | Triangle EBC, woe9 ſhall be . to che 
pu- | Trapezium ABCD: - | 


the 
ra | How to Reduce an FOI Plot of 5, 6, 7. 
o a 85 3 210 a Triangle, | 
r of r LEE: 
of 
„ 1 os . 
Fc. I 
3 U- e 
— . . | 1 
310193 4107 
ple Wy it he 38 1 
of . «$8.4 2171 : 
4 ve { | iT 43,07 s ; 
2 65 a+ PAT: 
"TE ht C 
4 
| | oo fer * þ 
a. e 
LW. . 
1 101. 


= 


298 * . . 
S 15 rr , 


e 15 Th france this Figure 
90 > des bt F ole of 5 des, keepivg 
| the lame agp BKL on this manner, 
1 Draw the line BD, and parallel thereunto 
„1 SY then draw che line BR, Whereunto the 
. ines BC and TD are thereby reduced. 
2 raw the line GE, and paralleFrhere- 


Ys wr aden i you, draw. che line 125 
Tx” Pot 


— 
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the two ſides GF and FE ſhall: thereby be 
reduced to one ſtraight Line, viz. GL, and 


the whole Plot to a Figure of five ſides 
ABRLC. 


Nom to Reduce this to a Triangle. 


Firſt, Produce the ſide DE on both ſides 
at plealure, then draw the Lines AK and 
AL, and parallel tothem the Lines BH and 
GM, cutting the Ling DE, being extended 
in H and M. Laſtly, If you draw the Lines 
AH, AM, you ſhall conſſitute a Triangle 
— equaſ to the Irregular Plot ABCD 

And having ſhewn you to Reduce theſe 
Figures into a ſingle Triangle, I ſhall alſo 
{hew you how to Reduce the like Figures 
into ſeveral Triangles, which being ſeve- 
rally meaſured and added rogether, give 
the content of the whale Plot or Figure. 

Now for the doing hereof obſerve this 
general Rule, That the Number of Trian- 

les contained in any Figure or Plot, will 
{pr = s two fewer, or not fo many by 
| Two as the number of Angles, or Sides 
which the ſaid Figure or Plot doth contain. 

As any Square or Trapezium which con- 
rains 4 Angles, and 4 Sides may be eafily re- 
duced to 2 Triangles drawn from Corner 
to Corner, ſo like wiſe a Plot of 5, 6, bes 

es 
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8 ſides may be eaſily reduced to 3, 24 
6 Triangles, as will appear upon practice, 
and needs no Example. Now theſe Trian- 

gles meaſured particularly, and then the 

whole added together, gives the content 
of any Irregular Plot or Figure whatſo-—- 
ever. N 


_— — 


—ů — 
— — —_—_— 
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Herefore in the third place to ſne d you 
how to meaſure a Triangle, and by - - 
conlequence any other Plot or Figure, take - - 
this Rule, that half the perpendicular and 
the whole Baſe; or half the Baſe, and tbe 
whole perpendicular multiplyed the one by 7 
the other, gives the Area or Superficial. + 
Content of the ſaid Triangle. 792 
3 nes | 


a T A 
o 1 
4 þ , 
3 EC 7 1 * 
7 . - * 0 ” by " 
? Py & * 7 — 
14 191 T . " 
* 8 


* 


— 


9 


— 


4! 


No the perpendicular of a Triangle is --- 
a Plumb-line let fall from any Angle upon; « 
its oppoſite fide, which we call the Baſe ::» 
How to let fall this perpendicular from 
any Angle or Point you have Probl. 3. p. | 
55. to which Frefer op. 

Now for an 13 Triangle, or a 
Triangle having three equal ſides, obſerve = 


— — 2 


this 


[ 


£20 Con 00 n. 


424% + + 


52 che o other: "Nos th 280% N 57 a 
in 11 S lhe: Square cberdef. 3 


ee e ee ee ee 


Any threeifies of any Triangle being 
knoun, to find the Perpendicular : The 
Zcegtelt dee enen fe foritte : Bai 
Ae hi FEES icular Ball be ſap- 
aged 9 Eirſt ang. the Sur; Rua 
de iges, Puch h 1 13.396 14% Theft 
guURBYR UP: WF] nge 1 is, 
GoeSnawiich161-2:3 Ithat done, up ole 1 
ge hole: Bate to N Sa eto 
Proportion, As chę hole Bale 15 18. ko th 
Zum of the oller two ſides added toge- 
ther, viz. 24, ſo i tyezdiſeretice of the 
ather two ſides, viz. 2 to a ſourth num- 
ben A, Ahich e d ot of-zhe 
Bala, the per pendicu ar wi fall j in tf the mid- 


dle of that whic ;Femains, 2 78 de gucted 
ſtem 207 reſis 17 7 the half whereof is 
87 : ne diawn, from that Point from 
the Baſe to the oppoſite Angle. is the fl! 


be Abs Feng laid, Triangle, W215 8 


ae * bil le 28 it OTB dati! 


Aus. 


vis 
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Another way to find the N 
Eguilatera e (pie ; 

\ 4 LIK RE Vu. be baſh 

Multiply one of the ſides by 12, and di- 
vide the Noduct by 1%, the QuorienF is 
the perpendicular, fays/Brows in his Prian- 


gular Quadrant? J Seed noi, Lo ark 
LTC F Ties Wars rr ora Thr led 
- . - 

-2 11 n 

1 —— ro tre e 
910 37 TE: = Wile 
SIR 1 nt IVY 6 . Kip. 0 E 

: ms i= y 6 = d F ” : 
* ib; 58 iT 23 2 41 cs 3 SHO) 


1] mo mud Re eee a Superſicial 

Triangle, now a ſodyfiangletischat 
Figure, ot SolidRegularPlarotick Bodyyoal- 
[ed a Dee Abe; raed under a equal 
and Equitaterab Triaaglesz ler wTriandutar 
Pyramid: The ſolid content Whsrpof is 
found by Multiplying, the Area or Superfici- 
al content of the Bale by one third part of 
the length of the Pyramid or Tetrahedron 
from the midſt of one plain to the Apex or 
Top of the Solid Angle oppoſite thereunto. 

Note that this Triangular Pyramid is 
little more than + of a Cube of * equal Baſe 
and Altitude : A Cylinder is 45 of a Cube 
of equal Bale and Altitude. 

A Globe is 4* of a Cube, or 3 of a Cy- 
linder, whoſe ſides and diameters. are equal. 


mung , 


rr 
= — 
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Haw. te Meaſure. the Solid Content of any 
Body, how irregular. foever it be, The 
Form and Faſhion not regarded. 
. 3 | 
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- 72A £4: + Sito Viite* tacit 
| 8 4 1 21.5 2 nne 
Jo perform this, you muſt prepare an 


hollow Cube, into which put your Irregu- 


lar Body, which being placed therein, you 
ſhall pour in ſo much Water, till it no more 


than juſt cover the Body in the Cube, then 


make a mark in the inſide of the Cube where 
the Superficies of the Water toucheth. This 
done, take but the irregular Body, and mark 
again directly under the former, where the 
Brim of the Water now touches; ſor the 
diſtance of theſe two marks multiplyed by 
the Square of the Cubes ſide, produceth the 
Craſſitude of the Irregular Body. For 
Example. i 498; 1 


1 
o 
4 | # ; ' 0 
4 4 
| 1 | 
® 29 & © * * 
= * 
K Fi * £5 * Sz. © . x * Fa © @ 1 * 
AH = I LYN. N — 1 C 9. 14 — 
— | 4 IE) N ' 
Ar 2% «7 Fry * LP Si, + 7 «1 1 . 
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ls 


reach to C: Then ta- 


An Octahedron is contained under e 
equal and equilateral Triangles. 
Terres ernennen 74 
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Suppoſe' A to be the Cubical Hollow 
Veſſel , whoſe inward p-— — 
ſide ſuppoſe to be 20 
Inches, B the irregular 
Body, whoſe ſolid Con- 
tent is required. Firſt 
then I put B into the 
Hollow Cube A, and 

ouring in water till it 
be covered, admit the 
top of the water to 


king out the irregular 
Body again, admit the * 
Superficies of the Water fall to D, then 
meaſure the diſtance betwixt C and D, 
ſuppoſe 9 Inches, which Multiplyed into 
400, the Square of the Cubes fide produceth - 
3600; and ſo many Cubical Inches are con- 
tained in the Irregular Body B. By this 
you may meaſure any Part or Portion of a 
Solid Body. 4 | 
Now having ſpoken of a Solid Circle; 
viz. a Globe, and of a Solid Square, viz. a 
Cube: And now of a Solid Triangle, viz. 
a Tetrahedron. Theſe two laſt being two of 
the five Platonick Bodies, I ſhall add the 
other three. A 
ight 


3600 Inches. 


8 
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An deoſararon is Conmingd Zunder, 75 e- 


equilateral Triangles. 
Dodecgedron is contained under 12 e⸗ 


quq Equilatéral and ee Penta Wee” 
Polygon is any Figure of Dany es 


an Regu Ufar Pony gon is one whoſe lid 85 are, 
all Nov to meaſure; anv. Regular 


Ae di ance from the. Center to, 
the Mid! e of one ſide, and the half Sum of 
the meaſure of all the fides, maltplyed 10+ 
gether, ſFall be the true. Area f, AER: 
thereof. Jo meaſure any lrregulg " 2899 
lee pag. 105 by Redyging it 45 rig _ 

9 the Area or Curare 10 160, che the 5 
Sides. of, theſe. Regular Fears f 


OTH! DIGG as, Vale ge 241 2 2 2080 100 
4125050 19 1:4 250 i. 20! 10 3' oe © 3 
L $ per gte 22 
An n ie Ber Fd 
A Square i's dt 2408 85 . : 311 is: 
A bentapon, u OR is a Figerexf 8 hs rm GP 
an Hexzpon of 6 ſides, its ſi le who 18102 
An HEM: un of Hi dez, 1's tides, onis wt 20 
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A Cone Gers from a REES Fe FEED 
2 Cone hath always g round Baſe and. Su- 


erficies like, h Sngar-loaf But a Kaige 
bach an Anguſar Baſe and $uperficies of 
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veral ſides: The way to meaſure both as to 
the Solid Content. First, find the Super- 
ficial content of the Bate, and Muftiply 
the ſame by the third part of a pe rpendi- 
cufar from the ſfarp end to the Bale. And 
according to theſe Proportions before men- 
tioned is any other Quantity or content to 
be found our: As ſuppoſe I would have a 
Triangle ro contain 200, what muſt the 
ſes be? The half diſtance in the line of 
numbers betwixt too and 200 will reach 
from 15.2 to 21.5 for its ſide, and from 
13-123. the perpendicular of a Triangle 
whoſe Area is 100; the ſame extent wi 
reach to 18.6 the perpendicular of an Equi- 
lateral Triangle, whole Area is 200, &c. 


SECT; 3; 


The three fides of a rigbt- lind Triangle be- 
mg given, to find the Superficial Content. 


Add che three ſides together, (as 20. 
13. 11.) which make 44, the half of 
which is 22; from which half Sum ſub- 
tract each fide ſeverally to the end you 
may have the difference betwixt that half 
Suni and each fide, which will be 2.9. 11. 
Then add the Logarichmes of the laid 
half Sum and of thoſe differences together, 
and laitly, Divide the Sum of all thot: Lo- 

garithmes 
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garithmes by 2, ſo you will have the Loga- 


rithme of the Superficial Content or Area . 
* che an. DS. 


The half bum. 47 3 1.342423 | 

| uy 75 0.301030 
The Differences 9. 0.954243 
5 1.041393 


The Sum of the. Logarithmes —.3 639089 
The nder Content, req. 66. 1.8 19544 
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OF 
GAUGING 
"ALL SORTS OF 


[VESSELS 


Auging of Veſſels is no more but 
Meaſuring of Solids. Theſe 
Solids are to be Reduced to 

—ſome Regular Geometrical ' Fi- 
gure (as is taught before when we treated 
of Meaſuring of Solids in General) eſpeci- 
ty to one of theſe Three, 5 


1. The Solid Sauen or Cube. 3 
2 The Solid Tria angle, or any regular 
Soli 2 fi 
* The Solid: Circle or Cylinder. | 


0 ; | | 1. To 


BOOK: 


1. To Meaſure a Solid Square, or any Veſſel 
in the form of a Cube. 
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The Rules this. 


Multiply the Length by the Breadth, and 
that Product by che Depth (in laches), and 
that gives the contencs in Square Inches. 


. Now to bring. theſe Inches into Ale, 


Wine, or 
Corn Gallon . 2 


* 2 
Low va 


Obſerve this Rule once for all, That 
formerly the Ale Gallon was accounted to 
contain 288 4 Cube Inches. But. by the care 
and pains of Mr. Nicholas Gunton, the juſt 
quantity of che Quart for Ale remaining in 
the hands of the Chamberlains of His Ma- 
jelkies Exchequer appears to be 70 Square 
Ioches, Which makes the Gallon 282, as 
ſome have of late” found to their no fma! 
choſt. And ham of opinion (tairh A ſayne) 
that if the. Wine Gallon were carefully ex- 
mined, (and fo alſo the Corn Gallon) they. 
would prove to contain leſs than they are 
commonly holden to do. 

But to proceed, for Ale divide the Pro - 


duct in Square Inches by 282 ; for Wine 


by 231, and for. Corn by 272 4,-and the 
Quotient of each is the Gallons; and if 
N any 


S Rn. ns ow = © my 
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any Fractions remain to Reduce it into 
ints, multiply the Numerator by 8, (ſup- 
poſe 13 be the Fraction) that is 128: by 
8, and Divideabę Product by the old De- 
nominator 282, the 3 ſnews the 
Pints. Thus much for meaſuring the Square 
or Cubical VeſſeL;: vod way allo find pag. 
0 89, 599, what other Eigures may be reduced 
to:ehis; as a Long Square, a Rhombus, or 
Rhomboides, a men, a Circle, "a 
its, Setzments, Sr n ory cle nen 
Hide: 2 2flöonl ui zue bilge cn 221 
2. Now inthe. - Sereno place ro Mraſurt in 95 
at lid T riangle, runyVefel-of 22 Triang ular 
Fr Form. 
SH) i ND 1 wald 18 an * 


" The Rule inert 
I 


5 I -Multip ly the. perpendicular By half the 
e Baſe, or he whole Baſe by half the pert 
5 | pendicular, and divide the Product by 282, 
me Quotient will :be-che»Ale' Gallons. con- 
) tained in one Inch of Depth upon that 
Trlangle. If the Veſſet be of: an Irregular 
Vorm, Divide it into ſeveräl Triangles, 

and let fall per pendiculars in each, and fo 
find. their ſeveral Areas and Contents," and 
then add them together: So: have you the 
Content or Area of the 92 kigure, be 
n e 37 $i aff SL [3 2 


Glo 1 zi ye 
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3. 15 the third: place to menſure a any T; 72 

. which is of a Circular or Cylindrical Form; 
That is to ſay, Either 3 __y to be 
mee to * 


+ 1 Cie The Rule is this,. id 

- Multiply half the Diameter by balf ho 
Giaramforents; gives the Area or Saperfi- 
cial Content of the Baſe or Bottoms, and 
then Multiply that Product by the De 
gives the Solid Content in Inches, — — | 
Square Inches you may bring into N 
and Pints, as before is taught. | 
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EC: 


To find the Diameter of any Cirele by the p 
Circum erence: A 1 0¹ 


' Multiply the Saccus bene by 75 ang th 
Divide the Product by akin 1210. 9121 L 


To. bid abe Cireanference by —— V. 
11 '4 7 Ty 5 al t hearts! 22.4 
„ uit tiplys the Dibmoter by: 22, ands DL bs 
r ebe e „ did one 
Hans nt Aube let s to 

To find the Area @ Superficial Camtenti af: a the 
enen een 91 ment bbs 95 | 
24 - +4 gory 77 10 53TA 10 288100 
Square the Diameter, :thav it, Muleiply 

it my it ſelf, then Multiply the Product 
by 
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by 11, and divide by 14, the Quotient 
«| gives the Area or "Superficial Content:: 
;; | For as 14 is to 11, ſo is the Square of the 
be | Diameter to the Area, or at leaſt the near- 
eſt Approximation to it for Common Pra- 
ctice, or which comes infinitely near the 
Truth. As Unity is to 3.14159; {& is tlie 
e Square of the Semidiameter-to the Area in 
i- | Square Inches, Or, 


h, Take this ſhort Rule to find the Ale or Wine 
ch Gallons in any Circle by the Diameter, and 
s, one Inch in depth. ern 
Square the Diameter, (that is, Multi- 
he | ply it by it ſelf,) and divide that Square 
or Product by 359 for Ale Gallons, I by 
294 for Wine Gallons; and then Multdply 
16 | that Area or Superficial Content” by the 
Length or Depth of the Veſſel, and that 
I {| will give you the Solid Content of the whole 
Veſſel in Gallons̃̃ů | 
Thus far wWe have ſuppoſed-the Veſſel to 
be meaſured to be perfectly Gireular or 
7! Cylindrical; and the Top and the Bottem 
Ito be both of the ſame Diameter: But if 
the Top and the Bottom be of different 
Diameters, (or which is che ſame) © the 
Head and the Bung, then you are to ſind a 
y [Mean Bünern. 


— 


* 191 


| Prey e 
. © . # 4 #434 » IS f 


yl © - Which 


Of. o. 500K U. 


Which * * 222 , 154 vibe Cone, 45 
be af Make ere 2 in 


Sa wt 


amen motogp V her Area by che hips 
Part of af the. Altizude,.; he Product 18 * 
doliduy of ihe whole, FR. di do en 


I, the Veſſel be not 31 Ons bat only a 
Part er Fruſt has oh a Cone. 
4 ani n e you e 
Add the Diameters at on. and Bottom 
2 and take the half of that Sum 
for the mean Diapdeteg- o. eh ede 
21e 181 Sin. (12491 3: 
Meaſure; Af, E. 162 an . 
ee fuck ee G lese, 
«| Bgrrely & find Me ay 2 12 
ener St dd 0754 0 n gu. 
0 71 ir10..2 34190 TD 
1. Add double the Bung ere 
once hg Head Iota meters gd een c 
Sum by en eee or, v 


———— $73. bug : 162 55 ay 
e 


—_— FX 


1077, the Quorient is the Ale eb eg off. 
by 882 Quotes the Wine Gallons contained 


in e Cask. 8 3. i) 
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0 3. By Ar. Oughtred's way of Meaſurins tie 
7 Fruſtum of a Spheroid. by 


- | Firſt, take the Diameter at the Buns, 
and find the Area of the Circle anfwerable 
ae thereunto, and take two thirds of that 
I Area. Secondly, Take the Diameter at. 
the Head, and find the Area of that Circle, 
/ a} and take one third of that Area; add thete 
two Sums together, and multiply the whole 

by the length of the Veſſel, the Product 
my gives the content of the whole Veſſel in 
my Cubique Inches, which divided by 282 for 
Ale, or 231 for Wine, gives the Gallons. 


HY To Meaſure a V. eſſel, which is an Irregular 
el Cylinder, ſuch as a Butt, Pipe, Hogſhead, 
2 Barrel, or the like, 


Take the Diameter at the Bung, which 
WI ſuppoſe 23 Inches, and then rake the Dia - 
meter at the Head, which ſuppoſe to be 20, 
the difference is 3: Now (in reſpect to the 
bending of the Staves in proportion, as 7 
elo ro) Multiply this difference 3 by 7 
b makes 21, and divide the Product by 10, 
Dmakes 2 Which added to the leſſer Dia- 
meter 20, makes 22 1 for the Mean Dia- 
«a meter : Half of this Mean Diameter multi- 
By plyed by half of its proportional Circum- 

OP G 


e 


A 
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*ference, gives the Area or Superficial Con- 
tent, and chat multiplyed by the Length of 
the Veſſel, gives its Solid Content in In- 
ches, and thoſe Inches reduced to Gallons 
by dividing by 282 for Ale, and 231 for 
Wine, prout ſupra. 


To find a Mean Diameter by Gunters Line 
of Numbcrs. ö 


Extend the Compaſſes from the Gauge 
Point to the mean diameter, the ſame Ex- 
tent (twice repeated) will reach from the 
Length of the Cask, to the whole Con- 
tent of the Veſſel. This Gauge Point is at 
17.2 for Ale, almoit 19 for Wine. 

Mr. Mayne (in his little Book, called 
his Practical Ganger, which I recommend 
as the plaineſt, and eafictt, and ſhorteit [I 
ever met with,) belides very good Rules for 


Gauging all forts of Veſſels, and the ule of 


the Gauging Rule, which is very well done. 
He hath (beſides theſe) 4 very uſeful Ta- 
bles, which | ſhall here mention, but refer 
the Reader to the Book it ſelf. Ny 
1. TheFirſtis a Table of Areas of Cir- 
cles in Ale Gallons and Milleſimal Parts ; 
to every Quarter of an Inch, from 10 to 
144 Inches Diameter, This is to find the 
Contents of the Fruſtum of a Spheroid in 
Ale Gallons, pag. 29. n 
e 2. A Table 
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2. A Table of one Thirds of Area's of 
Circles in Wine Gallons, calculated to every 


Quarter of an Inch, from 10 to 606 Inches 


Diameter, pag. 39. This Table is to find 
readily the Contents of a Wine Hogſhead, 
or Beer Barrel in Wine Gallons, 

3. A Table of the Contents of Cylinders 
in Ale Gallons, and Centeſimal Parts from 


% 


12 to 60 Inches Diameter, and to 8 In- 


ches in Depth ready caſt up, fo that you 


| have nothing to do but to find the Plain 


Diameter, or the Mean Diameter of any 
Cylindrical Veſſel, N . 
4. In the Fourth place, A Table of Area's 
of Segments of a Circle: The Radius di- 
vided into 100 parts, calculated to the 


18888 part of a Square Inch. Hereby you 


may find the Vacuity, Ullage, or Wants in 
a Cask partly full, lying with his Axis pa- 
rallel to the Horizon: The Cask being ta- 


Nen as the Fruſtum of aSpheroid : The Ta- 


mw JF _ Ef = = 


ble and uſe of it follows. 


G2 - A Table 


# , *® 
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ATA BL. E of Arez's of Segments. 


| ZAreaſ V. Are 
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"| 2\co48] 27 78 
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| SELF nl EZ 
3.0087 28 2292 
4.0134 | 1972 40% / 
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FF e 
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. | 70308 3212759] - * 
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„ ID ident ' Wes 


The Uſe of this Table is as follows:* 


1. It is Requiſite that the Bing and Head 
Diameters, the Cask Length, the whole 
Content, and the Dry and Wet Inches be 


What is wanting, or what is remaining in the 


os 
. A * * 1 5 
” 8 q 41 1 6 * Þ 
W - 13 K 10. 4 12 


Divide accordingly either the Dry or 
Wet Inches by the 555 Diameter, and 
able under V, or 

Verſed Sine; againſt it ſtands a Number, 
which multiplyed by the whole Content 
| exhibits the vacuiry, if your Dividend were 
the dry Inches; or ſhews the remaining Li- 
Iquor, if your Dividend were the wet Inches, 


the Quotient ſeek in the 


Suppoſe the Bung Diameter 28, the Con- 


tent of the Cask 60 Gallons, and Dry In- 


ches | 
Divide 7 by 28, by adding two Cyphers, 
| I | 
288 * 
43 


ſeek this 25 in the Table, over againſt it 
you find 1955, which Number multiply. 


by the whole Content 60, ſo is the Ullage 
or Wants, 11.7300; cutting off the laſt 
G 3 4 Figures 


-- — _ 'T 4 * — — — —— — } C WR 


[ 
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4 Figures i is 11 ere ad almoſt 3 of 2 
Gallon. | 


Now if the Queſtion be, What Oven of 


- Liquor is remaining in ' this Cask. 


Divide the Wet Inches by che Bung Dia- 
meter, that is 21 the Wet Inches by 28 
thus, 28 | 2100075. Now againſt 75 in 
the Table you find 8045, which being mul - 
. ty 60 the ener — ah "0 


The dende Liquor i is 48.2700 
The Wants was 11.7300 


The whole Contents oh 0.0000 


Now if . Diviſion PETE Tek a 
Remainder or Fraction, and that be above 
Half the Diviſor, I take the next bigger 

Number: Or if it be lets than half the Di- 
viſor, I take the lame Number which 4 is in 


the Quotient. 


= The Deſcription 2 oe of the Gauging 
| Fnie, 


"his Rule is commonly 4 Foot long, and 
is wade to double in 4 joints for conveni- 
ent Portage: It hath allo 4 ſides, on which 
are drawn ſeveral Lines. 1. There 


| 

| 

| 

| 

: 
| | 

| 

| 


II. 
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1. There are two Lines called Diagonal» 
the one for Ale, the other for Wine Mea- 
ſure ; put the end which is cut ſſope-ways 
imat the Bung- hole, and let ir touch the 
bottom of the Head; and the Number a: 
the Bung ſhews the Ale or Wine Gallons 
reſpectively: This will give a very good 
eſtimate of the Content of all Cask in the 
form of a London Beer-Barrel,or the Heng 
Wine Hogſhead, © nk 
2. On another fide there is put a Line 
of Inches from 1 to 48, -each Inch decimal- 
ly divided : And allo upon the ſame fide 


you have Oughtred's Gauge Line, it being a a 
Line of one Thirds of Area's of Circles in 


Wine Gallons, by which you may Gauge a 


Cask after this manner, 


Put your Rule down at the Bung per- 


pendicularly, obſerving what Number ap- 


pears juit even with the inſide of the Cask, 
ſuppoſe it 7: ſet that down twice, then 
take the Diameter at the Head, and ler 
that ſhew you 6 upon the ſame Line, let 
that down to the former, add thele three 
Numbers together, and multiply the Sum 


by the Cask length ſuppoſe 30, then cut off 


one place from rhe Product towards the 
Right Hand, and the Figures towards the 
Left Hand are your Number of Wine Gal-. 
lons contained in that Cas. 


Ky - if 


® 
-——” & Path on. 4 * 
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If your Diameter fall amongſt the Divi- 
ſions between the Numbers, you muſt cut 
off 2 places from the Product. Example, 


ZBung Diameter 71 7 
s 1 
Head Diameter 58 6 


270 20 
Cask Length. 30 30 Length. 


Content 60.00 60.0 Content. 


3. On a third Face of this Rule is a Line 
of equal Parts numbred from f to 96; 
This Line conſidered together with that 
laſt before - mentioned, (viz, Onghtreds 
Gauge Line) do make a Table of Area's of 
Circles in Ale-Gallons; ſo that if you find 
your Diameter in this Line, turn up the 
other Face, and againſt your Diameter ou 

ſhall have the Area of your Circle in Ale- 
Meaſure. As for Example. N 
The Diameter of a Circle is 19 Inches, 
the Area of that Circle upon the ether 
edge in Oughtred's Line is a little above one 
Gallon, fo the Diameter 30 Inches, the 
i Area is 2.5 Gallons, ſo the Diameter 67 
Inches, it holds 12.5 Gallons upon one Inch 
of Depth. LET Ee . 
The ule of theſe Lines thus together a 
| the 


B 


Graz 


mee. co 2 % © 
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the ſame” with that of the Table of Areas 
it of Circle in Ale Gallons, pag. 124  _ 
4. On the fourth, fide of this Rule is 
drawn a line of Numbers, vulgarly called 
Gunter Line, being a Line of Logarithmes, 
whoſe ule I have defcribed in Intirumentai 
Arithmetick, pag. 37, 38, 39, 40: Only 
in this place take notice as to Gauging, thac 
at 17.2 you have a {mall Braſs Pin, where- 
on to ſet the foot. of your Compaſſes, and 
is called the Gauge - point for Wine Gallons 
marked W. 6. And another ſmall Brafs 
Pin at almoſt 19 the Gauge- point for Ale 
> | Gallons, marked 4. G. by which they are 
eafily known, Now to Gauge a Cask by 
this line, you muſt firſt find the Diameter 
at the Head and Bung, and älſo the Casks - 
lengch by the line of Inches: Theſe being 
had find your mean Diameter, by adding 
double the Bung Diameter, to once the - J 
Diameter at the Head, and divide their Sunt 
by 3, the Quotient take for your Mean 
Diameter -' Then with your Compaſſes {et 
one foot in the Gavgse-point, ' whether ic Bf 
be for Wine or Ale refpettivefy, and Ex- Pf 
tend the other to the meah diameter upon If 
your Line of Numbers, and keeping the 
points at thar diffance,” fer one foot at the 
Nunther, ' Expreſſing che Casks Length, ang 1 
from thence double The diſtance of the fee ; 
of Compaſſes, exhibirsthe' Content in Ale i 
LA 14 I G 5 or 


ved. So much fer Gauging. 
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or Wine Gallons reſpectively: As for Ex- 
ample, Bung diameter 27, Head 
27 diameter 24, Length 30 Inches, 
27 the mean diameter will be 26, 
24 which in Ale Galjons 57, in 
— Wine Gallons. 69, and having 
78026 the mean diameter of a Conical 
33 Tun (283) depth of Liquor (29) 
The Quantity of Ale Gallons will 
be found (633) after the ſame manner, 
and is an Approximation near enough the 
Truth for common practice. | 
5 There is allo another Line that runs 
parallel with this Line of Numbers, and is 
called a Line of Segments, but I do not like 
the Hypothelis upon which it is framed; 
the way by the Table of Areas of Segments 
being more perfect; However it being up- 
on the Rule, I ſhall ſhew you how to find 
the Ullage or Wants in a Cask by this Line 
and the Line of Numbers. 0 re 
Suppoſe the Bung diameter 24 Inches, wet 
18 Inches, Content 50 Ale Gallons, What 
is the Ullage or Wants in this Ca? 
As 24 on the Line of Numbers is to Ra- 
dius on the Segments, ſo is (6) the dry In- 
ches on the Line of Numbers to 17.8, on 
the Segments. Then as Unity to 50 on the 
Line of Numbers, ſo is 17. g on the Num- 
bers to 8. 9 Ale Gallons, the wants requi- 
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CHAP. XIV. 


N O W beſides this kind of meafuting a 
X. Triangle, by taking the whole Con 
tent both of a Superficial ànd Solid T'rian- 
ole; there is another way of Mealuring a 
Triangle, or of finding the length of ſome 
of its lides, or the Quantity of ſome of its 
Angles by other Sides and Angles given or 
known, ab nina PT LEES | 
For every Triangle conſiſting of 3 ſides 
and 3 Angles, any 3 of theſe & parts being 
known, the reſt may be eaſily found, either 
firſt Geometrically by Protraction, pag. 88, 
86, 87. Or Secondly, Arithmetically, by the 
Rule of Proportion, as it is performed 
Logarithmetically, pag. 31. and Inſtrumen- 
tally, pag. 41. This I call properly the 
Refolution of a Triangle, or Trigonome- 
try.“ r aan * < 4 Naar 
Many Learned Authors have made this 
very particular the ſubject of whole Books, 
as Petiſcius, Nor wood, and others; but for 
my preſent purpoſe,” [ſhall content my ſelf 
wich theſe following neceſſary Rules and 
Directions, which welt applyed, contain in 
ſhort the whole Art pf Trigonometry. 
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STCT. i. 


: Firſt then, By Protraition, or by 
8 Scale and Compaſs. 


1 


— — 


— 


PROBLEM nt. 
Having any 2 Angles and a Side included or 
contained betwixt them, to find the other 
Two Siaes, and the Third Angle. 


\j A 8 ſuppoſe the Angles given in the fol- 
lowing Triangle were the right An- 
| | ole at the Bale go degrees, and the Angle 
at the Hypothenule 30 degrees, and the 
Baſe included betwixt theſe two Angles 
400. Io find the length of the Hypothe- 
TW | nuſe, 
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nuſe, and the length of the Perpendicular, 
as alſo the third Angle at the Perpendi- 
cular, 

Firſt, From a line of equal Parts take 
in your Compaſſes the Length of the Baſe 
400, and drawing a Line at pleaſure, prick 
the ſaid diſtance upon the ſaid line: And 
at one end of the Baſe protract an Angle 
of zo degrees DE: At the other end of the 
{aid Baſe protract another Angle of go de- 
grees, as FG, and drawing the perpendicu- 
lar infinitely, and alſo the Hypothenuſe, 
where theſe two interſect, or cut one ano- 
ther; doch confine the length of both the 
{des meaſured upon the fame Line of equal 
Parts with your Compaſſes; and alſo doth. 
include the Third Angle ſought betwixt 
them, viz, 60 degrees. | 


PROBL. 2, 


Having Two Sides, and the Angle included 
betwixt them, to find the other Two An- 
gles, and the Third Side. * 


This you will find not to differ much 
from tſie former: Only firſt you muſt Pro- 
tract the Angle, drawing the ſides infinite- 
ly, and after wards from the Angular point 
prick out either way their Exact Length, 
and from thoſe Points draw the third _ 

44 N Wnic 


134 
which will include at either end the Two 
Angles ſought. 


„ 
Having the Three Sides given, to find the 
Three Angles of any Kight Lined Triangle, 


Firſt, Take the diftance of the longeſt 
fide in your Compaſſes, and from any point 
as A, with that ſame diſtance draw an 
Arch of a Circle HI; then take the. fide 


4 1 TEA | 
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| next the longeſt, and from the ſame point 
draw another Arch KL. Laſtly, from 
6495 . * 
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any point in one of thete Arches, to any 
other point in the other Arch, prick the 
length of the Third fide, and drawing Lines 
from theſe three points from one to ano- 
ther, theſe Lines or Sides will include the 
three Angles required, A. B. C. A contain- 
ing 30 degrees, B go degrees, and C 60 
degrees. 

This way of finding Sides and Angles by 
Geometry or Protraction, though it is not 
ſo exact as by Arithmetical Operation ; yet 
it is ſufficient for ordinary Ule, and of all 
other, both the moſt eaſie and demonſt ra- 
tive, and allo the molt pleaſant and de- 
lightful. 1 | 

Note, That in every right Angled Tri- 
angle, if you have one of the acute Angles 
given, the other is alſo given, becauſe it is 
the complement thereof to 9o degrees as 
the complement of 32 is 60. Allo, if in 
any right Lin'd Triangle whatſoever you 
have any two of the Angles given, you have 
allothe third Anglegiven, becauſe the three 
Angles of any right lin'd Triangle, is equal 


to a Semicircle, or 180 degrees. 


FECT. 
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But in the Second Place, by ſome ſides or An- 
gles of a Triangle given, to find the Reſt, 
(which 15 properly the Reſolution of 4 Trian- 
gle) is the moſt exattly performed by Arith- C 


metich. | | YC 

- : fo 

P''R'O' Bb. 3; . 

ph N | oh: fi 
Firſt, By common Arithmetick, Sides may be 1 
* found by theſe Rules. 12 T 


The Square of the Baſe and Perpendicu- 

lar is equal to the Square of the Hypothe- 

nuſe: As ſuppoſe the Baſe to be 4, the 1! 
Square of 4 is 16; then ſuppoſe the per- 
pendicular 3, the Square of 3 is 9; theſe 2 
Numbers added together is 25: Now the 
Hypothenuſe being 5, the Square of 5 is 
allo 25. Likewile having the Hypothenuſe, 

and one of the other ſides, you may find ||, * 

the other fide - As ſuppoſe the Hypothenuſe | 

5, the Square of which is 25; as 5 multiply- 
ed by 5 is 25 : Then ſuppoſe the other ſide 
given be the Bale 4, the Square of that mul- 
tiplyed in it ſelf is 16: This being dedu- 
cted from the Square of the Hypothenuſe 
25, there Reſts 9, which is the Square of 
the perpendicular 3. The ſame Rule + be 
| obſer- 


1 
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obſerved if the Perpendicular had been gi- 


ven, and the Baſe required. 


SECT. 3. 


Having ſhewed you how to find Sides by 
Common Arithmetick, | ſhall proceed to ſhew 


you, how both Sides and Angles may be 


found by Logarithmetical and Inſtrumental 
Arithmetick by theſe following Rules. The 
firtt is more particular for Right Angled 
Triangles only, the other two more gene- 
ral-for all plain Triangles whatſoever. 


3 


1. Firſt then, having Two Sides, and a Right 
Angle betwixt them given, to find either of 
the Two Angles, and the Third fide. The 

Proportion is, | ? | 


LY 


As the greater fide given is to the leſſer 
ſide, ſo is the Tangent of 45 degrees to 


the Tangent of the leſſer Angle, and its 


complement. to go is the greater Angle: 
As for Example, in the former Triangle, 
pag. 134: The Baſe being given 400, and 
the perpendicular 231, and the Right An- 
gle 90 contained betwixt them: Then 
lay by Logarithmes, as the Logarithme of 
400 is to the Logarithme of 231, ſo is the 

Tangent 
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Tanger: of 45 to the Tangent of thelef(-I > 
ſer Angle, (v:z. 30 degrees) which dedu- for 

- Cted from 90, leaves 60 degrees for the be! 
other Angle: This is done by working by 60 
the Rule of Three in Logarithmes, as is taught | t 
pag. 31. but I ſhall give you another Exam- rh! 
ple in this place. | wy 


If 400 give 231, what gives Tangent 45 ? 


The Logarithme of 400 is 2.602059 | 


The Logarithme of 231 is 2, 363612 || ® 
The Tangent of 45 is 10.000000 5 


Theſe 2 added together is 12.363612 | © 
From whence deduct the firſt 2.602059 L 


Reſts the Tangent of 30 deg. 9.76 l 553 a 


for the leſſer Angle: The complement 
_ whereof to go degrees, is 60 the greater 


Angle. 


The ſame may be done by Inſtrumental 

| Arithmetick, or the Lines of Numbers and 
| Tangents by the Rule of Three upon thoſe 
| Lines as is taught pag. 41; but I ſhall, here 
| _ adJ this Example more, Extend the Com- 
paſſes from 400 to 231 in the Line of Num- 
bers, the ſame Extent upon the Line of 
| | LI.aangents 


n ts. d# 
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Tangents will reach from 45 to 30 degrees 
for che leſſer Angle: the greater Angle 
being its complement to 90 degrees, viz. 
60: And the two Angles found, and the 
two ſides given, you may eaſily find the 
third fide by the Rule in Common Arithme- 
tick, pag. 136, or by the third Rule follow- 
ing, to which I refer you. | 


RULE 2. 

"The ſecond Rule for reſolving of a Tris 
angle is more general than the former, be- 
cauſe it reſolves not only a right Angled 
Triangle, but alſo an Acute, and an Ob- 


tuſe Angled Triangle, that is any Right 
Lin'd Triangle whatſoever, and it is this. 


As the Sum of two of "the ſides is to the diffe- 
rence of the ſame ſides, ſo is the Tang ent of 
half the Sum of the oppoſite Angles to the 


E Tangent of half their difference. 


Which 1 ſhall more fully explain by this 
Example, As ſuppoſe two ſides to be given, 
and any Angle betwixt them, to find either 
of the other Angles: Firſt, Add the ſides 
together, which ſuppoſe 303 and 176 makes 
479 : And Secondly, Subtract: the one 
feom the other, their difference is 127. Now 
tuppoſe the Angle given to be 110 4. 7 * 

| age. 


—— 
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Take the complement thereof to 180, which 
is 69 d. 30 m. and this is the Sum of the 2 
unknown Angles, (becauſe every right lin'd 
Triangle is equal to 2 right Angles, or 180 
degrees.) Now the half of this 69 d. 30 m. is 
34 4.45 m. this being done, the Proportion is, 

As the Logarithme of the whole Sum 479 
is to the Logarithme of the difference 127, 
to is the Tangent of the half Sum of the 
two unknown "Angles, viz. 34 d. 45 m. 


To the Tangent ot half the difference be- 


tween the ſaid Angles, viz. 10 d. 25 m. 
For the ſaid 10 d. 25 m. being added to 


| the: half Sum (34 d. 45 m.) the Sum will 


be 45 d. 10 m. the quantity of the bigger 
Angle; and being ſubtracted from the ſame, 
will ſhew che Quantity of the leſſer Angle, 
Viz. 24 d. 20 m. 1 i 

The Proportion may be wrought either 
by the Rule of Three in Logarithmetical; or 


by the Lines of Numbers and Tangents in 


Inſtrumental Arithmetick, pag. 31 and 41. 


F | A 

The Third General Rule, which is the 
laſt, I ſhall lay down, but nat the leaſt, is 
the. moſt general of all the reſt, and indeed 
may ſerve inſtead of all; and by me has been 
accounted even all in all; inſomuch as [ 
once thought to have given no other, and 


but only for varieties ſake there is no other 
„ | 8 2 
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abſolutely neceſſary, which for its excellen- 
cy deſerves to be writ in Letters of Gold, 
which together with the Golden Rule or 
Rule of Three, as it is wrought and per- 


formed by Logarithmes, pag. 31, and by 


the Lines of Numbers, Sines and Tangents, 
pag. 41, is ſufficiently able to do whatfbe- 
ver is neceſſary in Trigonometry, which 
take as follows. 1 

In all Triangles whatſoever, every ſide is 


proportional to its oppoſite Angle, and 


every Angle to its oppoſite fide: And fur- 
ther, as the Angle oppoſite to one ſide is 
to the Angle oppoſite to the other ſide, ſo 
is the ſides themſelves to one another, & ec 
contra, the ſides are to the Angles. 

As for Example in the Triangle, pag.134. 
As the Angle A 30 d. is to the per pendi- 
cular 231, ſo is the Angle C 604. to the 
Baſe 400, and ſo is the Radius or the right 
Angle 90 d. to the Hypothenuſe 462, &- 


contra, ſo that there needs no more but ha- 


ving any Three of the Six parts of a Tri- 
angle given, any one, or every one of the 
reſt may be found out by the Rule of Pro- 


portion, as it is performed by Legarithmes, 


pag. 31. or by the Lines of Numbers, Sines, 
and Tangents, pag. 41. theugh the Rule 
of Proportion in Common Arithmetick will 
not do it in Common Numbers, that is, will 
not find Angleg. How-to find Sides by Com- 


* 
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mon Arithmetick is taught before,pag. 136. 
But by Logarithmes or the Lines you may 


find not only Sides but Angles alſo: Ta- 


king this obſervation along with you, Thar 
when you meet with an Obrule Angle, to 
find its oppoſite ſide, you muſt work by 
its complement to 180, which being uſed 
inſtead of the Angle it ſelf, will effect the 
ſame thing in every reſpect. As to give 
an example in the Obtuſe Angled Triangle 


QRS, whoſe Angle at Q is obtuſe, being 


110 d. 30 m. the Angle K 45 d. 10 m. the 


Angle S. 24 d. 20 m. the ſide RS oppoſite 
to the obtuſe Angle is 400, the ſide QS 
303 oppoſite to the Angle R; The ſide QR 
176 oppoſite to the Angle 8, to the propor- 
tions ſtand thus, C 

As 24 d. 20 m. the Angle at 8 15 to 176, ſo 


is 69 d. 30 m. (the complement of 1104, 30 
m. to 180) to 400: And ſo is 45 4. 10 m. 


to 303, & e contra: Therefore lay by the 


Rule of proportion, either by Logarithmes, 


or by Lines: 


xx 


1 co _ 
” & — 
. 
6 
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If 24 d. 20m. give 176, what gives 69 d. 


30 m. or 45 d. 10 m. to find the des. ve, 


Py 
— 
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Tf 176 give 244d. 20 zz, what gives 400. 
or 303 ro find the Angles : fee pag. 31 and 
41, Where you have the way of working 
Itheſe, or any ſuch like proportions by the 

Rule of Three, either in Logarithmes, or 
by the Lines, | 


— 


CHAP. XV. 


JIAving now handled the three princi- 


pal Geometrical Figures, the Circle, 
Square, and Triangle; how they are Produ- 


ced, Reduced, and Meaſured themſelves; 


and conſequently all other Figures or Bo- 
dies by their Rules; to conclude, What 


have to ſay in reference to Geometry in 
general, ſhall be to ſhew you the feveral 
excellent uſes of Mr. Gunters Sector, which 
being properly Geometrical, I reſerved for 
this place, ro ſhut up general Geometry. 


Sen 


Firſt then, to ſhew the Ground of the Sector. 


Let AB, AC repreſent the Legs of the 
Sector: Then ſeeing theſe two, AB, A 
are equal, and their Sections AD, AE alſo 
equal, they ſhall be cut * 5 

SEN | | i 
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if we draw the Lines BC, DE, they will 
be parallel by che Second Prob. 6. Book of 
Euclid, and ſo the Triangles ABC, ADE 
ſhall be equiangled, by reaſon of the Com- 
mon Angle at A, and the equal Angles at the 
Baſe, and therefore ſhall have the ſides pro- 


13 ic 
1 WE: 3 
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portional about thoſe equal Angles, a by the 


fourth Prob. lib. &. Euclid. Again the fide AD 
ſhall he to the fide AB as the Baſe DE un-o 
the parallel Baſe BC, and by Converſion AB 
ſnall be unto AD, as BC unto DE. And by 
permutation AD ſhall be unto DE, as AB 
to BC, Cc. fo that if AD be the fourth 
part of the ſide AB, then DE ſhall be the 
fourth part of his parallel Baſis BC, the like 
reaton holdeth in all other Sections. And 
by the way, to underſtand the general aim 
and uſe of the Sector, it is to perform the 
_ fame by Lines, which Arithmetick does 
by Numbers, as I ſhall ſne you particular- 
ly: Now theſe lines which are found out b 
the Sector, are of two ſorts: Either fr 

| olds. Lateral, 
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Lateral (or ſuch as are found upon the ſides 
of the Sector) as are the Lines, AB, AC : 
Or Secondly, Parallel fuch as are the Lines 
CB, DE from one ſide of the Sector to the 
other in its parallel points. 

2 premiſed thus much in general, 
I ſhall ſhew you in particular the feveral 
uſes of the Sector. af 

Now you muſt underſtand that (beſides 
the Lines of Numbers, Sines, and Tangents 
upon the outward edge of the Sector, and a 
foot divided into 12 Inches; as alſo another 
Line of equal parts, or a foot divided into 
100, or to be ſuppoſed 1000 parts upon the 
Inner edge of the Sector.) There are theſe 
ſeveral Lines upon the Sector it ſelf. 


Theſe four, as 1. A Line of Sines. 
allo the 2 laſt ) 2. A Line of Lines. 
are the princi -) 3. à Line of Superficieh, - | 
pal Lioes, 4+ A Line of Solids, 


Theſe 5 Lines 5. The Line of Quadcature, 

a e leſs princi- Y 6. The Line of Segments. 

pal, and for & 7. The Line of inſcribed Bodies. 

particular 3. The Live of Equated Bodies. 

Ltſes, 9. The Line of Metals, hs 
O $715 INF! -4 | 

The other two g 10. The Meridian Line, 

Principa Lines & Laſtiy, The Tangent Line. 


And of theſe in the ſame order 1 mere 


N and firſt of the 


firſt (to wit) The Line of Sines. 
3 "mM SECT: 
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SECT. 2. 


The Line of Sines. 


I. Toprotract Angles by a Lin? of Right 
Sines is taught pag. 87, 88. Au. ro «void 
Tautology, I ſhall not here repeat it, bur 
refer the Reader thereunto, being one ex- | 
cellent ule of this Line. ; 

2. If the Radius of a Circle be the ſame 
with the Lateral Radius or Semiradius of 
the Sector, the reſpective ſeveral Sines are 
the ſame as in this Line of Sines : But if it 
be either greater or leſſer, let over the gi- 
ven Radius in the Line of Sines betwixt 90 
and 90, and the Parallel Sines all along are 
the right Sines to the ſame Radius; and 
hereby you may divide any Line given, as a 
Line of Sines; and by the ſame Rule any 
Fine being given, you may find the Radius 
thereof, by making it a Parallel Sine in its 
reſpective Number, the Radius will be be- 
twixt 90 and 90. 

3. To find the Chord of any Ark, ob- 
ſerve that the Right Sine of the ſame Ark 
is half the Chord required; as the Sine of 
10 is the Chord of 20, the Sine of 20 is 

the Chord of 40, Cc. all along. The Ra- 

| dius or 60 degrees of a Line of Chords be- 
ing fer over as a Parallel betwixt 30 and 3 

— 45 N * 5 e 0 
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of the Line of Sines upon the Sector, mark 
this well, | 

4. To find the verſed Sine of any Ark. 
If you reckon from go at the end of the 
Sector to $0 towards the Center, that di- 
ſtance is the verſed Sine 10; from go of 
to 70 the verſed ſine of 20, and ſo of the 
reſt, if-the verſed Sine required exceed a 
Quadrant, as ſuppoſe 130 degrees, Firſt, 
Take the whole Radius, and as many de- 
grees as it is above 90, (as in this Example 
it is 40) add thereunto from the end of the 
Sector towards the Center. 


S ECT. 3 
Of the Line of Lines. 


This ſerves for a Line of equal parts up- 
on any occaſion, as they are numbred on the 
ſides of the Sector, if the Radius be the 
ſame with the Lateral Radius. But if you 
would divide any other Line given into 
equal parts, ſet it over as a Parallel Radi- 
us betwixt 109 and 100, and the Parallel 
diſtances ſhall divide the {ame given “Line in- 
to the ſame equal parts, according to the 
number which the points of your Compaſ- 
ſes do ſtay upon: As if you would take or 
mark out 40 of thoſe parts, the parallel 
diſtance betwixt 40 and 40 marked out up- 
on the Line 2 is 40 of the ſaid parts, and 
lo of the reſt. H 2 Qr, 
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Or, Suppoſe the Line B were to be di- 
vided into 5 parts, Firſt, I take the Line B 
berwixt the Compaſſes, and to it open the 


1 1 : 
. % # * . M ; 1 I Lk: # M 


Sector in the point's andy, ſo the parallel 
between the point 1 and 1 doth give me the 
Line BC, which doth divide the fame into 
the parts required. gf | 

| 
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To increaſe or Diminiſh a Line ina given 
Proportion. 


As let A be a Line given to be increaſed 
in the proportion, as 3 to 5. Firſt, I rake 
the line A in the Compaſſes, and open the 
Sector till the points of the Compaſſes do 
reach juſt between 3 and 3 on the ſides of 
the Sector; ſo the Parallel between the 
points 5 and 5 doth give me the Line B, 
which was required. In-like manner, if B 
were to be diminiſhedas 5 to 3, Firſt, ſet 
over B betwixt 5-and 5, and its parallel be- 
twixt 3 and 3 gives you A diminiſhed as 5 

to 3. c | _ 
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To find a proportion betwixt two or more 
A right Lines given. 


Take the greater Line given, and accor- 
ding to it open the Sector in the Points of 
100 and 100; then take the leſſer Lines 


ſeverally, and carry them parallel to the 
greater till they ſtay in like points; ſo the 
number of Points wherein they ſtay ſhall 
ſhew their proportion to 100, ſo the Line 
B is in proportion to A, as 100 to 60, and 
A to B, as 60 to 100. * 


PROBE: 3. 


Two Lines given, to find a Third in con- 
tinual Proportion. 


Take the two Lines or Numbers giren, 
and ſet them upon both ſides of the Line of 


Lines (or equal Parts) from the Center, and 
Mark the Terms to which either of them 


extendeth; as ſuppoſe the Line C 18,. and 


D 24 were the Lines or Numbers given. 
Meaſure with your Compaſſes the ſecond 
Line D 24, and open the Sector at that di- 


ſtance in the Terms of the firſt Line or 
Number C, and ſo keep the Sector at this 
H 3 Angle- 


— ͤ¹Ü&mxs, j ew oo 2 ww 9 A 
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Angle. The Parallel diſtance between the 
Terms of the ſecond Lateral Number or 


Line (24) being meaſured in the ſame Scale 
from whence his Parallel was taken, will 

ive the third number proportional, viz. 
the Line E, containing 32 of the ſame equal 
parts. | | 


. 7 


Three Lines or Numbers being given, to find 
4 Fourth, FI | 


Let the Lines given be A 40, B 50, C 60, 
and the Queſtion be this, If 40 Months 
give 50 l. What ſhall 60 Months give? 

This you ſee is perfectly the Rule of 3, 

2 in 


" oh 


co” 


K the Sector doth conſiſt. 
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im the ſolution whereof a principal uſe of 


The firſt and third Lines or Numbers, 


(viz, A 40. C so.) muſt be placed on both 
ſides the Sector from the Center, and with 


the ſecond, vic. B go. open the Sector in the 
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Terms of the firſt, viz, A 40. And the 
Parallel diſtance berween the terms of the 
third, viz. C. 60, ſhall be the fourth pro- 
portional, to wit 75, as in the Example; 
and this is called Lateral entrance, 


Da 


a2urm UF 77049) 


| 


BOOK II. Of the Seor: 153 
But if you would enter with a Parallel, do: 
thus. Firſt, with the firſt Line or Number 
A 40 in your Compaſſes open the Sector to 
that diſtance in the Terms of the Second, 
viz. Bo (or make it the diſtance between 
50 and 50 on the ſides of the Sector.) Then 
take with your Compaſſes the third Line 
or Number C 6», and with that diſtance 
obſerve where the Points of the Compaſſes 
do ſtay in the Parallels, and that is the 
fourth proportional, which you will find 


75, as before, 
SEC: 


The Uſe of the Line of Lines, together with 
the Line of Sines, may be theſe. 


P R 0 38. 7. 
In TRIGONOMETRY: 


Any Two Sides and an Angle included given, 
to find the Third Side. 


Let the Sector be opened to the Angle gi- - 
ven (30 d.) and obſerving the length of ei- 
ther Side upon the Sides of the Sector in the - 
Line of Lines, the parallel diſtance from 
one point to the other, where the Sides of 
the Triangle terminate, doth give the Side 


J 5 requi- 
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required. As ſuppoſe the Baſe of the Tric 


angle pag. 134, be one fide given, viz. 400, 
the Hypothenuſe the other ſide 462, the 
Angle included 30 at A, you will find the 
diſtances with the Compaſſes from 400, to 
462, to be 231 the ſide required. | 


I. 2. 


Three fides being given, to find an Angle. 


Let the two containing ſides be laid on 


the Lines of the Sector from the Center one 
on one line, and the other on the other; 
and let the third ſide which is oppoſite to 
the Angle required be fitted over in the 
Terms of the other two; ſo ſhall the Se- 
ctor be opened in thoſe Lines to the Quan- 
tity of the Angle required. As for Ex- 
ample in the before- mentioned Triangle, 
e | 


\ 


Having 


1 
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Having one of the containing ſides 
400 upon one ſide of the Sector, and A 
462 on the other, and ſetting theſe at N 
the diſtance 231, the Angle at the 7 
Center will be found 30 4. Or ſup- 4 
poſe one ſide 72 in the Line of Lines, 
the other 54, and fit the oppoſite ſids 
(to the Angle required) over between 
72 and 54; then with your Compaſſes g 
meaſure the diſtance betwixt 50 and 50 
in the ſame Line of Lines, and the ſame 
diſtance meaſured in the Line of Sines 
ſhall ſhew half the quantity of the An- 
gle required. 

As ſuppoſe the three ſides given be 
AD too, AC 75, AB 35. I might take 
35 for the ſide CO out of the Line of 
Lines, and ſet it over from 100 to 75. 
This done I take the diſtance between 
52 and 50, and mealuring it in the 
Line of Sines, I find it to be 84. 8 m. 
the double whereof is 16 d. 16 m. the D 


Angle required. 5 


SECT. 2 


The Uſe of the Line of Lines, together with 
the Line of Sines in Navigation, ſee in its 
proper place, That is, f 


1. To know how many Leagues do an- 
wer, 
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wer to a Degree of Longitude in evety 
ſeveral Latitude. | 


2. To know how many Leagues do an- 
ſwer to a Degree of Latitude in every ſe- 


veral Rhumb. Vide ut ſupra. 
Py 8 E CT. " 


The Uſe of the Line of Lines, together with 


. 


the Line of Superfieies in Eætracting the 


Square Root. 


1. The Line of Superficies is ſaid to be 
divided into ro parts; therefore hath up- 
on it twice the Figure 1, the former ſig- 


nifying Units, the latter Tens in that re. 


ipect- of the Line being divided into 100 
arts. 

2. Obſerve, if the Number, whoſe Square 
Root you defire, confiſt of even Figures, as 
2, 4, 6, 8, Figures, or the like, the Num- 
ber given ſhall fall out between the tenth 
diviſton and the end of the Sector, (or which 


is all one) between the latter Figure of 1, 


and the end of the Sector: But if the Num- 
ber (whoſe Square Root you deſire) be 


| | | odd, that is I, 3, 57 75 Figures, or the like, 


the Number given ſhall fall (or muſt be 


meaſured) between the Center of the Seffor, 
aud the Tenth Dzviſion, | 


* 


3. Theſe 


— 
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3. Thele being obſerved, ſet one foot of 
your Compaſſes in the Center, extend the 
other to the Term of the Number given 
in one of the Lines of Superficies, (which 
ſuppoſe 36.) The ſame diſtance applyed to 


one of the Line of Lines, ſhall find 6 for 


the Square Root. 


Likewiſe to Square a Number given, firſt 


Extend the Compaſſes upon the Line of 
Lines to the Number you would Square (as 
ſuppoſe 6,) and apply the fame dittance to 


the Line of Superficies, will give (36) as 


before. 


S ECT. 6 


By the Line of Lines, and Solids, to find 


the- Cube Root. 


In finding a Cube Root of a Number 
given, prick the firſt Figure, and after that 
every third Figure from the right hand to 
the left; and if the laſt prick to the left 
hand fall under the laſt Figure, the Num- 
ber given ſhall be reckoned at the begin- 
ning of the Line of Solids, from the Center 


to the firſt 1, and the firſt Figure of the 


Root ſhall be always either 1 or 2. 
If the laſt prick fall under the laſt Fi- 
gure but One, Then the Number given 
all be reckoned from the Center to the 
ſecond 
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ſecond 1, and the firſt Figure of the Root 
ſhall be always either 2, 3, or 4. | 
Figure but two, then the Number given 
ſhall be reckoned from the Center between 
the laſt Figure of one, and the end of the 


Sector : For you muſt know, as the Line of 


Superficies is ſuppoled, to be divided into 
I00 parts, and ſo having 2 Figures. of 1 


upon it, the firſt ſignifying Units, the ſe- 


cond Tens; ſo the Line of Solids is ſuppo- 
{ed to be divided into 1690 parts, and hath 
three Figures of one upon it, the firſt ſig- 
nifying Units, the ſecond Tens, and the 
Third Hundreds; ſo that according to this 
Diviſion the whole Line is 1000 as before. 
Theſe things being obſerved, che Rule for 
finding the Cube Root is this, 3 
Set one Foot of your Compaſſes in the 


Center of the Sector; Extend the other in 
the Line of Solids to the point of the Num- 
ber given according to the Rules before 


given: This diſtance applyed to the Line 


of Lines, ſhall ſne the Cube Root of that 


Number. | 


Or to Cube a Number, Firſt, Extend 
the Compaſſes upon the Line of Lines and 
then meaſure the ſame diſtance upon the 


Line of Solids, it will give you the Cube 
Number of a Cube Root given. ; 


ER 


4 N 
But if the laſt prick fall under the laſt 
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If the Reader deſire further concerning 
theſe two laſt propoſitions of finding the 
Square and Cube Root by the Sector, I re- 

fer him to Gunter himſelf upon this Subject. 


S'E C N 


Of the Line of Superficies alone or ſmgle: As 
| alſo the Line of Solids alone or ſingle. 


_ Obſerve firſt, That the Line of Super- 
ficies and Solids do ſerve to find Proporti- 
ons betwixt Square and Cubique Bodies: 
As the Line of equal parts dobetwixt Lines 
(from thence called properly the Line of 
Lines) therefore the {ſame Rules may in a 
manner ſerve for theſe which are given for 
the other right applyed, mutatis mutandis. . 

Secondly obſerve, that whatſoever'is {aid 
concerning Superficies, the very ſame Rules 
terve for Solids, only that they are wrought | 
upon different Lines. Therefore to avoid 
Repetition, obſerve to apply theſe Rules 
given for Superficies to Solids alſo, mutatis 
mut andis as I laid before. 


. REF. IM 
7 ROE. 
„0 


the Sector, for if the ſides of the Superh- 
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PROBL. 1: 


| Therefore to proceed to find a Proportion bes 


tween two or more like Superficies (as is be- 
fore done in Lines,) do thus, | 


Take one of the ſides of the greater Su- 


perficies, and according to the ſaid fide gi- 


ven open the Sector in the points of 100 
and 100, then take the like fide of the leſ- 


ſer Superficies, and carry it parallel to the 


former, till they ſtay in like Points, ſo the 
Number of Points wherein they ſtay ſhall 
ſhew the proportion to 100 in the Lines of 


Superficies: As for Example, Let A and B 


be the ſides-· of like Superficies. Firſt, I take 


the ſide A in the Compaſſes, and to that 


diſtance open the Sector in the points of 


100 and 100: Then keeping the Sector 


to that Angle, I enter the leſſer ſide B pa- 


rallel to the former, and find it to croſs 


the Lines of Superficies in the point 40 and 
40, therefore the Proportion of the Su- 


ficies, whoſe ſide · is: A, to that whole 
ſide is B, is as 100 to 40, or in leſſer Num- 


bers, as 5 to 2. This Propoſition may al- 
ſo be wrought by 60, or any other Num- 


| ber that admits ſeveral Diviſions. 


It may alſo be wrought without opening 


cies 
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cies given beapplyed to the Lines of Super- 
ficies, beginning always at the Center of the 
Sector, therewill be ſuch proportion found 
between them,. as between the Number of 
parts whereon they fall 
What is ſaid of Superficies, the like is to 
be underſtood of Solids wrought upon their 
own Lines. 3 NY 
To Augment or Diminiſh a Superficies in 4 gi- 
ven proportion; or (which is the ſame) to 
add one Superficies to another, or ſubtratt 
one from another, will be all underſtood by 
this Example following. 


Suppoſe A and B were the ſides of two 
Squares, or the Diameters of 2 Circles, and 
it were required to make a third Square or 
Circle equal to them both. | 

Firlt, The proportion between A and 
B will be found to be as 100 to 40, or in 
leſſer numbers, as 5 to 2; then becauſe 5 . 
and 2 added together make 7, I augment 
the ſide A in. proportion of 5 to 7, and 
produce. the fide C, on which if I makea a 


r 


Square, or make it the Diameter of a Cir- 
cle, the ſaid Square or Circle ſhall be equal 
to both the Squares of A and B, or to two 

15 Circles 


| 
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Circles made upon their Diameters, which 
was the thing required. To ſubtract one 


from another is after the ſame man- 


ner, as from 5 take 2, the Remainder 


| is 3, ſo it muſt be diminiſhed in pro- 


portion of 5'to 3, which is D. 


N 
To find a Mean proportional between 2 
Lines, which may be ſuppoſed the ſides 
of 4 Square, or Diameters of a Circle, 
and thereby to find ſeveral Corollaries. 


Suppoſe the Lines given be AA and 
AC. Firſt find the proportion betwixt 


them as they are Lines as is taught 


pag. 60. which will be found to be as 4 
to 9, wherefore I take the Line AC, 
and put it over to the Lines of Super- 


| ficies between 9 and 9, and keep- 


ing the Sector at this Angle, his Paral- 
lel between 4 and 4, gives me AB 
for the mean Proportional : Or take 
the Line AA, and put it over in the 
Lines of Superficies between 4 and 4, 


and its Paxallelbetween 9 and 9, will 


give AB for a Mean Proportional, 


Parts will be found 6; for as 4 is to 6, 
ſo is 6 to 9. . 2 


( 


- 


which upon the ſame Scale of equal_ 


Upon 


BC 
Up 


IL, 
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Upon finding out this Mean Proportional a 
pend many Corollaries, eſpecially theſe fol- 
lowing. 


Firſt to make a Square equal to any Su- 


. - perficies given. 


As a mean proportional between the un- 
equal ſides of a Parallelogram (or long 
Square :) or a mean proportional between 
half the Baſe, and the perpendicular of a 
Triangle ſhall be the fide of a Geometrical 
Square equal to either of theſe in ſuperfi- 
cial Content. And if it be any other right- 
Lin'd Figure, it may be reſolved into Tri- 
angles, and ſo a fide of a Square found 
equal to every Triangle, and theſe reduced 
to one equal Square, it ſhall be equal to 
the whole Right-Lin'd Figure given. 
Secondly, To find a Proportion between 
ſeveral Superficies though unlike to one 
another. 3 | 
As for Example, The Oblong A, and 
the Triangle B are Superficies unlike toone 
another, therefore to find a Proportion be- 
tween theſe, 26 I TH 
Firſt, Between the ſides of A, viz. 20, 
and 25, I find a mean proportional, as C. 
This is the fide of a Square equal to A, then 
between the perpendicular of the Trian- 
gle B, and half his Baſe, 1 find amean pro- 
portional, 
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portional, viz. D; This is the fide of a 


Square equal to B. 
N 
1 
IE: ©: 
C nnd 


But the proportion between the Squares 


of C and D will by the Rule for it pag. 160 
be found to be as 5 is to 4, vide the Rule 
it ſelt. ; 

Thirdly, to make a Superficies like to 
- one Superficies, and equal to another. 

Let one be the Triangle A, the other 
the Rhomboides B, Firſt, between the 


Perpendicular and the Baſe of B, I find a 


mean proportional, and note it in B, as the 
ſide of a Square equal to B the RhomBoides. 


Then between the perpendicular, and half 


the Baſe of the Triangle A find a mean pro- 


portional, and note it in A as the fide of his 
equal Square. | 


Wherefore as the ſquared fide of B is to 
the ſquared ſide of. A, fo ſhall the longer 


8 &: 
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1 BOOK II. Of the Sector. 465 
| fide of the Rhomboides given AB be to the 


longer fide of the Rhomboides required, vis. 1 
C; and ſo ſhall the ſhorter ſide of the i 


E K. 


60 


| | Rhomboides given AD be to the ſhorter |} 

; | fide of the Rhomboides required, viz. DP). 
And fo ſhall the perpendicular of the Rom- 

.- | boides given AC be to the perpendicular of 

the Rhomboides required, viz. E. and ha- 

b r , ving | 
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ving the ſides and perpendicular, you may 


frame the Rhomboides up, and it will be 
equal to the Triangle A, which was the 
'thing required, 

And becauſe here is mention made of 


- protracting or framing up a Rhomboides, 


having the longer fide, ſhorter fide, and 
perpendicular given, I ſhall here ſhew'you 
how to do it. 2 3 rn 

_ Firſt then, Draw the length of the lon- 
cer ſide, or the Line AB in the former Ex- 
ample. And then taking the Length of the 
ſhorter ſide in your Compaſſes, ſetting one 
foot in B, draw an Arch of a Circle a 6, as 
alſo ſetting one foot of your Compaſſes in 
A,draw the Arch c 4. Then take the length 
of the perpendicular in your Compaſſes, and 
ſetting one foot in B, again draw the Arch 
e . and removing to A, draw the other 
Arch g h. Theſe 4 Arches being drawn, 


lay your Ruler fo as juſt to touch the Ar- 


ches ef and gh, and draw a parallel Line 


from the point D, where the Ruler croſſes 


the Arch c d, to the point E, where the 
Ruler will croſs the, Arch 46; and. laſtly 
from the point D draw the Line DA, and 
from the point E draw the Line EB, and 
let fall the perpendicular AC from the point 
A, ſo will you have a Rhomboides as was 


required. 


SECT. 
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SECT 8. 
Of the Lines of Quadrature. | 


The Lines of Quadrature may be known 
upon the Sector by the Letter Q and by 
their place between the Lines of Sines. 

Q ſignifies the ſide of a Square, 5 the ſide 
of a Pentagon, with 5 equal fides, 6 of an 
Hexagon, that is, a Figure with 6 equal 
des, and ſo 7 for the ſide of an Hepta- 
gon, 8 of an Octagon, 9 of a Nonagon, Cc, 
S ſtands for the Semidiameter of a Circle, 
and 90 for a line equal to 90 degrees in the 
Circumference of the ſame Circle. 


2 XR OB L. I. 
The uſe of theſe Lines may be to make à Square 
equal to a Circle given, or to make 4 Circle 
equal to a Square gruen, 


If the Circle be given, take his Semidiame- 
ter, and to it open the Sector in the points 
at S; fo the parallel taken from between 
the points at Q, ſhall be the fide of the 
Square required: or if the Square be given, 
Take his fide, and to it open the Secſor in 
the points at Q; ſo the Parallel taken from 
between the points at 8, ſhall be the Semi- 
diameter of the Circle required. 

n X OBI. 
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PROBL. 2. 


To Reduce a Circle given, or a Square into an 
equal Pentagon, or other like Sided, and 
like Angled Figures, 


Take the ſide of the Figure x iven, and 
fit it over in his due points, ſo the parallel 
taken from between the points of the other 
Figures, ſhall be the ſides of thoſe Figures, 
which being made up with equal Angles, 
ſhall be all equal one to the other, 

Other Superficial Figures not here ſet 
down may firſt be reduced into a Square, 
and then into a Circle, or other of theſe 
_— Figures as before. 


— 


Y R O Z. 3. 


In the third place, To find a Right Line equal 
to the circumference of a Circle, or other 


part thereof. 


Take the Semidiameter of the Circle gi- 
ven, and to it (or to the ſame diſtance open 


the Sector in the Points at S, fo the parallel 
taken from between the points at 90, in 
this Line, ſhall be thefourth 1 of rhe eir- 


cumference, & c. 


x 4 — 


* * bi 7.3 . 5 
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Parallel taken from the parts propor- 
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8 
Of the Lines of Segments. 


The Lines of Segments are here placed 
between the Lines of Sines and Superficies, 
and are numbred by 5, 6, 7, 8, 9, 10. 

The uſe of them is to divide a Circle gi- 
ven into 2 Segments, according to a pro- 
portion given, or to find a proportion be- 
rween a Circle and his Segments given: 
For the Numbers 5, 6, 7, Cc. do repreſen: 
the Diameter of a Circle ſo divided into 100 
parts, as that a right line drawn through 
theſe parts perpendicular to the Dia- B 
meter, ſhall cur the Circle into two 7 
Segments, of which the greater Seg- 
ment ſhall have that proportion o 
the whole Circle, as che Parts cut have $ 
to too: For Example, Let the Sector Þ 
be opened in the Points of 100 to the 
Diameter of the Circle given, as ſup- 
pote BL, or any other Diawetes ; ſo a 


tional to the greater Segment required, 
ſhall give the depth of that greater 
ſegment - As if the Diameter of a (ir- : 
cle were BL, carry the greater ſeg-L 


ment LO when the Sector is opened in 100 


and it Will itay in 75, which ſhews the pro- 
* portion 
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portion is as 75 to 100, or that the ſeg- 
ment to the Circle is 3 parts of 4. Eereby 
vou may find the fide of a Square equal to 
any known ſegment of a Circle: For as the |, 
proportion is of the Segment to a Circle, ſo 
is the part of a Square to the Square equal 
to the Whole Circle, which is taught be- 
fore. 


0 | 
Of the Lines of Inſcribed Bodies. 


Theſe are placed between the Lines of 
'Lines, and may be known by the Letters 
D, 8, I, C, O, T, of which D fignifies the fide 
of a Dodecahedron, I of an Itcofahedron, 

C of a Cube, O of an Octahedron, and TI 
of a Tetrahedron, all inſcribed into the 
ſame Sphere, whoſe ſemidiameter is here 
ſigniſied by the Letter 8. 


The Ulesare 3 


PROBL. 1. 


The Semidiameter of a Sphere being given, 
to find the ſides of the 5 Platonick or Regu- 
lar Bodies, which may be inſcribed in the 
ſame Sphere. 


Li 
me 


PROB LN 
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D 
The ſide of any of the five Regular Bodies being 


given, to find the Semidiameter of a Sphere 
that will circumſcribe the ſaid Bodies. 


If the Sphere be firlt given, take his Se- 
midiamerer, and to it open the Sector in 
the points at S, and the Parallel diſtance be- 
twixt any other of the Bodies will give you 
the ſide of the ſame Body, which may be 

—C 
SES 
inſcribed in the Sphere: As if the Semidia- 
meter be AC, the fide of a Dodecahedron, 
to be therein inſcribed will be DE. 

If the ſide of any other Body be firſt gi- 
ven, fit it over in his due points, and his 
parallel diſtance between the points S will 
give the ſemidiameter of a Sphere which 
ſhall circumfcribe the ſame Body. 


rt; 
Of the Lines of Equated Bodies, 


Theſe are placed between the Lines of 
Lines and Lines of Solids, noted as the for- 
mer with theſe Letters D.L.C.5.0.T, fige 
nifying the ſame things. 8 
12 The 


172 Ofibe Sector. BOOK Il. 
The Ute is this, 


The Semidiameter of a Sphere given, ro 
find rhe ſides of the five Regular Platonick 
Bodies equal to that Sphere: Or the ſides 
of any of the five Bodies given, to find the 
demidiameter of a Sphere, and the ſides of 
the other Bodies equal ro.the firſt Body 


ä 


— — — — 
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given. The work is the ſame with that 
of the former of inſcribed Bodies, fo if the 
i:midiameter of a Sphere be BC, the (ide of 
a Dodecahedron equal to this Sphere will 
be found FG, and of an Icolahedron HL, 
and ſo of all the reſt. | 


SECT. 12. 
Of the Lines of Metals. 


The Linesof Metals are here joyned with 
thoſe of Æquated Bodies, and are noted 
with theſe Characters, © F h » 28 K, 
of which © Sol ſtands for God, Mercur) 
for Quicktilver, h Saturn for Lead, 1 La- 
na for Silver, 2 F enus for Copper, d Mar: 
for Iron, and V Jupiter Tinn. 


The 
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The uſe of them is to give a Proportion 
between theſe {ſeveral Metals in their mag- 


nitudes and weight, according to the Ex- 


periments of Alariunt Ghetaldns in his Book 
called Promotus Archimedes. | 


Nee. 


In like Bodies of ſeveral Metals, and equal 
weight; having the Magnitude of the one, 
to find the Magnitude of the reſt. 


Take the Magnitudes given out of the 
Lines of Solids, and ro it open the Sector 
in the points belonging to the Metal gi- 
ven; ſo the Parallel taken from between 


the points of the other Metals, and mea- 


fur'd in the Lines of Solids, ſhall give the 


Magnitudes of their Bodies. 
PROBL. 2. 
In lite Bodies of ſeveral Metals and equal 
Magnitude, having the weight of the one, 
to find the weight of the reſt. 


As if a Cube of Gold weighed 38 pounds, 


and ic were required to know the weight 


of a Cube of Lead, having equal Magnis 
tude : Firſt, I cake 38 for the weight of the 


Golden Cube our of the Lines of Solids, 


13 and 
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and put it over in the points of þ Saturn be- 
longing to Lead; ſo the Parallel diſtance 
taken from between the points of O Sol 
ſtanding for Gold, and meaſured in the Line 
of Solids doth give the weight of the Leaden 
Cube required, to be 13 4. 


„ 


A Body being given of one Metal, tomake 
another like unto it of another Metal, and 
equal weight. 


Let the Body given be a Sphere of Lead, 
containing in Magnitude 16 4, whole dia- 
meter is AA, to which l am to make a 
Sphere of Iron of equal weight, 

If I take out the Diameter AA, and put 


it over in the points of h Saturn belong- 


ing to Lead, The Parallels taken from 
between the joints of d Mars ſtanding for 


. "Es 


Iron ſhall be AB the Diameter of the Iron 
Sphere required, and this compared with 
the other Diameter AA in the Line of So- 
lids, will be found to be 234. in Magni- 
rude; C is the length of the whole line, and 
from A to C again, 

| F. XK" 0: B; is 


B( 
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A Body being given of one Metal, to mate 
another like unto it of another Metal, ac- 
cording to a weight given. 


As if the Body given were a Sphere of 
Lead, (or a Round Lead Bullet) whoſe 
Diameter is AA, and it were required to 
find theDiameter (of a Sphere of Iron) or of 
an Iron Bullet, which Iron Sphere ſhall weigh 
three times as much as the leaden Sphere or 
Bullet. I take AA and put it over in the 
points of h which ſtands for Lead: His 
Parallel taken from between the points of 
4 ſignifying Iron, ſhall give me AB for the 
Diameter of an equal Sphere of Iron: If 
this be augmented in ſuch proportion as 1 
to 3, it gives C for the Diameter required 
of a Sphere three times the weight of the 
former, 


Having largely diſcourſed of Geometry in 
General, and of the three Famous Geome- 
trical Figures, the Circle, Square, and Tri- 
augle, and having ſhewed you the Making 
and Meaſuring of theſe, and the Reducing _ 
of all other Figures, whether Regular, or 
Irregular, to ſome of theſe, if not to the 
two former, yet at leait to the laſt of thele, 

A 1 44 v ⁊. 
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Viz. a Triangle, and by conſequence to 
Mealure the ſame, by the ſame Rules that 
Meaſure a Triangle (or Trigonometry); Ad- 
ding in concluſion the ute of the Sector: 
come now to Treat of Geometry according 


to the Proper and Genuine Etymology of 


the Word, which is derived from 25 Terra 
& Aires menſura, that is, The Meaſuring of 
the Earth, and that (as elſewhere explained) 
to be underſtood the whole Globe of the 
Earth, containing Sea and Land : That 
which concerns the Land is called Surveying, 
and that which concerns the Sea, Naviga- 
tion: And of theſe in particular. But F(t 
of Meaſuring this whole Globe of Sea and 


Land together in the General, 
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To Meaſure the whole Globe of the Earth 
comes under the Rules of the firſt Geometri- 
cal Figure, to wit, the Circle, and that 4 
Solid Circle, ( raking it for granted, That 
the Earth and Sea together make one Globu- 
lar or Spherical Body.) 


TOW we muſt find * ſolid Content of 
a Globe by the ſuperficial Content of 
15 a Globe, 
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a Globe, and the Superficial Content of a 
Globe by the ſuperficial Content of a Cir- 
cle, having the like Diameter. This Dia- 
meter, we muſt find by the circumference 
of the lame Circle: And lat ly, This Cir- 
cumference (as all other Circumferences 
whatſoever) muſt contain 360 degrees. 
Now if we would take the Circumferences 
of the Earth both Sea and Land in EAgliſh 
Miles, we mutt know how many of thele | 
Miles upon the Earth are an{werable to a 
Degree in the Heavens. E 
In the juſt Quanticy and Meaſure,of a 
Degree, the Common Rule is much our, 
which accounts 5 Foot to a Pace, and 1000 
paces, i. e. 5200 feet to a Mile, and 60 ſuch 
Miles, or 300000 Feet to a Degree. 
The Engliſh Mile, which by the Statute 
is ſomewhat more, then this will not ſerve 
the turn, which is thus, 16 f Feet make a 
Pole, 40 Poles a Furlong, 8 Furlongs a 
Mile, 60 ſuch Miles contain 316 800 Feet: 
By this account 1760 Yards is a Mile. 
But Mr. Nor wocd's Experiment by knows 
ing the difference of Elevation of the Pole 
| - berwixt Tork and London, and mealuring 
exactly the way betwixt them, paſſes for 
currant with all the Mathematicians I meet 
with of late, which was made on this man- 
ner. June 11.1635, At York, by an Arch 
of a Sextan of more than 5 Foot ſemidia- 
| meter, 
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meter, He took the Meridian Altitude of 
the Sun which was 59 Degrees, 33 Minutes, 
Latitude 53 d. 58 m. June 11. 1633, in 
London he did the fame, and found the Me- 
ridian Altitude of the Sun to be 62 Degrees, 
1 Minute; in Latitude 51. 32 : Now de- 
ducting the leſs latitude from the greater, 
there remains 2 Degrees, 28 Minutes, 
which is the difference of Latitude, (Tore 
being in 53 Degrees 58 Minutes, and London 
in 51 Degrees 32 Minutes) as above no- 
ted: So by this was found 69 Engliſh or 
Statute Miles; 4 Furlongs, 14 Poles, 9 Feet 
ina degree; or 367200 Feet. But to make 
60 Enzliſh Miles in a Degree, each Mile 
ought to Contain 6120 Feet: Theſe multi- 
plyed by 60, make 367200 as above, and 
thoſe again by 360 is 1321929.0 Feet for 
the circuinference of the whole Earth. 
Now according to this obſervation of 
Mr. Norwoods, there will be according to 
ſtatute Meaſure 69 Miles, 4 Furlongs, 14 
Poles and 9 Feet Engliſb in every Degree. 
Yet that we may not ſeem to differ ſo much 
from former Writers, and the Common, 
Account we fhall {till reckon only 60 En- 
2iijh Miles to a Degree, and allow ſo many 
more feet to a Mile, viz. 6120 Feet, and 
2040 yards; and if we cannot allow them 
the name of Engliſb Miles, we may call 
them Mathematical Miles, (though no 
ble” queſtion - - 
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ueſtion but our Yorkſhire Miles may allow 
of the lame Length.) Therefore, ; 

Firit, 60 Miles allowed for a Degree, 
that multiplyed by 360, makes 21600 
Miles for the whole circumference of the 
Earth. 

Secondly, And by this Circumference to 
find the Diameter, Multiply 216co by 7, 
is 151200, and that divided by 22, makes 
6872 2 for the whole Diameter (according 
ro the Rule, pag. 78.) the ſemidiameter 
(rejecting the Fraction) is 3436 Miles to 
the Center of the Earth. _- 

Thirdly, Now having the Diameter, to 
find the Area or Superficial Content of a 


Circle having the like Diameter: (by the 


third Rule, pag. 78.) Multiply the Dia- 
meter by it ſelf, that is 6872 (omitting 


the Fraction) by 6872, it produceth - 


47194384 Miles; this Multiplyed again by 
11 makes 519138224, and divided by 14, 
the Area of the Circle is 3508130 Miles. 
Fourthly, This ſuperficial Content of 
the Circle multiplyed by g, (by the Rule 
pag. 80.) produceth for the N Con- 
tent of the Globe 148325204 Miles. And, 


Fifthly, For the ſolid Content, Multi- 
ply the ſuperficial Content by the ſixth part 
of the Diameter, viz. 1145 J, and it brings 
forth 1698816003 14:5, which are ſo many 
ſolid Miles; or the, ſolid Content in hes | 
. 3 N (o 
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(of 6120 feet in a Mile) of the whole Ter- 
reitrial Globe, containing Sea and Lana, 
And fo much concerning the Meaſuring 
of the Earth in general: It follows that 
we treat of Surveyiag and Navigation in 
particular: Only by, the way take theſe 
rwo Corollaries. | 

1. Suppofing the aforeſaid Diameter of 
the Earth 68924$ Miles, If you imagine 
a hole through the Earth, and that a Mil- 
ſtone ſhould be let fall down into this hole, 
and to move a Mile in a Minute of time, it 
would be more than two days and a half 
before it would come to the Center, and 
being there, would go no further, but as 
it were, hang in the Air. 

2. Suppoſing the Circumference 21800 
Miles, if a Man ſhould go every day 20 
Miles, it would be three years wanting but 
a Fortnight before he could go once about 
the Earth. 4 

And if a Bird ſhould fly round about it in 
two days, then muſt the motion be 450 
Miles in an hour. 


182 | | BOOK". , 


O F 
SURVEYING. 


"HE CE 


— 


— _ 
* 


SA d. un 


Surveying in a ſtrict and limited ſenſe may be 

raken only for the Meaſuring of ſome Piece 

or Parcel of Land: But in alarger ſenſe, I 

take it here for the takins of all manner of 

| Heights and Diſtances at Land, whether 
the ſame be Acceſſible, or Inacceſſible. 


Aking of Heights being a Reſol- 
ving of a Triangle, ſtanding up- 
wards or vertically upon hisHo- 
rizontalBaſe,and taken byaQua- 


drant with Thread and Plummet: Taking of 
Diſtances is a reſolving of a Triangle (ſup- 
W poſed to lye Horizontally Flar,) and taken 
W by a Theodolite or ſuch like Inſtrument, 
which is no other but a Quadrant laid Flat 


with 
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with an Index, and Sights inſtead of a 
Thread and Flummer: Not to exclude 
other Intruments, as the Croſs-Staff ; for 
taking both Heights and Diſtances both 
at Sea and Land; bur etpecially at Sea: 
As allo the Plain Table, an Inſtrument ve- 
ry much admired by many, of which you 
{hall hear more hereafter, 

As likewile I ſhall ſay ſomething of the 
Circumferentor, another Uteful Inſtrument 
for Surveying ; but that which I do moſt 
admire and uſe is the Quadram for Heights, 
and the Theodolite for Diſtances, which is 
no more but a Circle, a Semicircle,or Qua- 
drant laid Flat, divided into Degrees and 
Minutes with an Index and Sights, as any 
other Quadrant (properly ſo called) is held 
upright, and uſed with a Thread and 
Plummet. | 

Both theſe (that is) both the Quadrant 
and Theodolite may be notably ſupplyed by 
Gunters Sector, being ſet at the diltance 
of a Quadrant (or go degrees) and having 
a looſe piece faltned with two Mortices, 
and divided into Degrees for the quadran- 
tal fide, having alſo a Thread and Plummet 
faſtned in the Center, when you ule it one 
way for a Quadrant, and a Pin for an 
Index and Sights to turn upon when you 
uſe it in the other way for a Theodolite, be- 
ing uſually each Leg juſt a unn 
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from the Center; the Quadrantal or looſe ar 
piece may be firſt divided-into go degrees, th 
and every degree into 5 parts, ſo that eve. 
ry one of the leffer Diviſions are 10 Mis 
nutes, and theſe 10 may be ſuppoſed to be | 
ſubdivided into other 10, which ſigniſie ſin- 7 
gle Minutes, Which is as much as may be 
for an Iuſtrument of no larger Radius. 
When it is uled as a Theodolite, there muſt 
be icrewed to it a ſocket of Braſs, whereby || P 
the whole Initrument may torn upon the It! 
top of a three-leg'd ſtaff (hooped alſo with | © 
Braſs, as there ſhall be occaſion). with a J '* 
fcrew on the fide of the ſocket to faiten In 
the Inſtrument upon the ſtaff in any poſiti- It. 
on you deſire: There may be alſo (to make t 
it compleat) a Card and Needle ſcrewed 
upon the Center, and the Index which car- 
ries the ſights, being twice the Length of 
the Legs, (that is) 2 foot long, another of 
the ſame length without ſighcs may croſs 
it at Right Angles; to that making a per- 
fet croſs, moving upon the Center as one 
part goes off the Quadrant, another comes 
on, which is as good as if it were a whole 
Circle. This may ſuffice for the deſcripti- 
on of the Quadrant and Theodolite, I ſhall 
now ſhew you how to take Heights and 
Anglesof Altitude by the Quadrant, and to 
take Diſtances or Angles of Poſition by the 
Ss Theodolite ; And to take ee, 
[ F F an 
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and Diſtances by the Croſs-ſtaff, whether 
the fame be Acceſſible, or Inacceſſible. 


S.FZ.C Kev 


To take any Height or Altitude, whoſe Foot on 
Baſis is acceſſible at ane ſtation. 


This is no more but the reſolving of a 
plain Right Angled Triangle. As ſuppoſe 
the perpendicular CA were a Tree, Tower, 
or Steeple, or any other thing whoſe Height 
is required. Firſt, ſtanding at any conve- 
nient diſtance from the foot of the Object 
to be meaſured as at B, and there looking 
through both che ſights of your Quadrant 
till you eſpy the top of the Altitude at C, 
oblerve what Degrees and Minutes are 
cut on the Limb of the Quadrant by the 
Thread, which ſuppoſe 30 degrees, as in 
the Example: Theſe zo degrees are the 
quantity of the Angle CBA, (or more plain- 
ly to call it the Angle B.) Now becauſe 
that every right lin'd Triangle contains 
180 degrees of a Circle, and every right 
Angle contains 90 of them; the Angle A 
being a right Angle, the other two Angles, 
that is B and C muſt contain other 90, 
whereof B by the Quadrant appears to be 
30 Therefore C mult needs be 60 degrees, 
the complement of 39 to 90. , 

5 ou 
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You muſt meaſure by a Yard, Chain, or a 
Two foot Rule, the Baſe of the Triangle, 


that is, the ſpace or diſtance berwixt B, the 


place of your ſtanding, and A the foot or 
bottom of the Altitude (which ſuppoſe to 
be 400 foot) As in the Example. 

Now theſe three parts of the Triangle 
being given or known, that is two Angles 
and a fide, viz, the Angle B 30 degrees, and 


by conſequence the Angle C60 degrees, and 


the length of the Baſe 400 Foot: You may 
by Trigonometry and the Rule of Propor- 
tion find any of the other three parts of 
the ſame Triangle, viz. the Angle A, the 
Hypothenuſe BC, or (that which is here 


required) the Height or Length of the 


Perpendicvlar CA, Lou will find that any 
Angle or fide, (and conſequently this fide 
the perpendicular here required) may be 
found ſeveral ways, but by thete three 
Ways eſpecially: Firſt, By Protraction, 
pay. 85, 86, 87. Secondly, By Arithmeti- 
cal Operation, pag. 137, 138. But eſpeci- 
ally by that general Rule in Trigonome- 
try, pap. 141, chat every Angle is pro- 
portional to its oppoſite ſide, and every ſide 
to its oppoſite Angle: Therefore as the 
Angle C 60 Degrees is to the known fide 
BA 400 ſo is the Angle B 30 Degrees to 


its oppoſite fide fought ; the Perpendicular 


GA, or the Height required, which is no 


more. 
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re but performing the Rule of Three 
(or by theſe three Numbers given, to find 
a fourth ;) either frlt by Logarithmes, as 
is taught pag. 41. Or, Secondly, By the Lines 
of Numbers, Sines and Tangents, pag. 41. 
Or laſtly, by the Sector, pag. 1 50, 151. by 
placing the Numbers on this manner. 


If 60 degrees give 400 Foot, what gives 
30 degrees? The Anſwer by all the fore- 
mentioned ways will be found to be 231 
fere the length of the perpendicular, or the 
Height required: But to avoid Repetition, 
[ thall refer the Reader to the Pages afore- 
mentioned for the manner of Operation. 


FER 
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S E C. 2. . 


Tv tale an Inacceſſible Altitude | at Two Sta» 


tions. 


For the effecting hereof, you muſt take 


two obſervations at two ſeveral Stations 
with your Quadrant. Let the Line BC in 
this Example repreſent ſome object, whoſe 
Height is required, and by reaſon of ſome 
Water or other obſtacle inter poſing it 
ſelf, you cannot come to the foot or bot- 


tom of the Object or Altitude: Let your 


firſt ſtation be at A, where with your Qua- 
drant eſpying the top of the Altitude BC, 


the Thread and Plummet guts 50 Degrees. 


Secondly, meaſure upon the Graund from A 
to D 200 foot, and again ſtanding at D, 
and eſpying the top of BC, oblerve what 
Degrees are cut by the Thread upon the 
Limb or Edge of your Quadrant, which 
ſuppoſe 64 d. Then fall to Protracting, aud 
firſt draw an Angle at A 50 Degrees, and 
meaſuring 200 foot to D, protract there at 
D another Angle of 64 degrees, and from B 
(that is from the point where the two lines 
AB and BD do interſect or cut one ano- 
ther,) let fall a perpendicular, as is taught 
pag: 55- Probl. 3. and meaſure the Length 
of the ſaid perpendicular by the ſame Scale 

| by 
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by which you laid down the diſtance be- 
twixt your two ſtations (viz. 200 foot) 
and you will find the perpendicular to con- 
rain 559 Feet, which is the true Height te- 
quired, | 
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You may alſo do this by reſolving the 
Two Triangles by Logarithmes, or by the 
lines of Numbers,Sines, and Tangents, &c. 

Note, that in taking all manner of Alti- 
tudes, whether acceſſible, or inacceſſible, 
you muſt always add to the height found, 
the height of your Inſtrument from the 
ground. 


Heights may be alſo taken b an Aſtro- 
labe: As alſo by a Quadrant, which repre- 
{ents the Tangents of a Circle (as in the 


following 
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| Ob 
following Example,) with an' Index and 
Sights; for as the Radius AB is to the | - 
Tangent BC, ſo is AE the diſtance to ED | 
| the Altitude. * | 


AE Fe & * c 2. I . l 
By the Height 7 the IM and lengeh of the 
ſbadom, to find the Height of any Tree, 
Houſe, Steeple, or the like. 1 


"Firſt, Take the Suns Height by a Qua- 8 
drant, Which ſuppoſe 37 Degrees, and the b 
length of the ſhadow of the ſaid Tree, y 
(which ſuppoſe 40 Feet) Then ſay as Ra- y 
dius to the length of the ſhadow of the 7 
Tree 40 Feet, ſo is the Tangent of the d 
Suns height 37 Degrees to the height of t 
the Tree deſired, vid. 30 783 feet. 0 


Note that when the Sun is 45 degrees 
high 
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high, then the ſhadow is equal to the 
height; at 26 4. 56 m. the length of the 
ſhadow is double to the height; ar 18 4. 
3 m it is 3 times; at 14 d. 4 m. it is 4 times 
% Height, and at 11 4. 31 m. the ſhadow 
is 5 times the Height of any Altitude. Or, 
you may know the Height of any thing by 
a walking-ſtaff, or a Yard, or a two foot 
Rule by the ſhadow, thus. a 
Set the ſtaff upright, and meaſure how 
often the ſhadow of the Staff is longer or 
ſhorter than the Staff, ſo in proportion is 
the ſnadow of the Tree to the height of the 
Tree it ſelf. The like may be done by a 
Maſons Square ſet upright. 


n | 1 
To take the Height of any thing acceſſible by 2 


ſtraws or ſticks laid creſs one another, 


Take two ſtraws or ſticks of equal 
length, and / faſten them perpendicularly. 
croſs one another juſt in the middle of both, 
and go backwards or forwards till che 
bottom and top of the Altitude be even 
with the ends of the Croſs-ſtick, laying 
your Eye to the end of the other itick, and 
then is the height exactly as much as the 
diſtance. meaſured to the Foot of the Alti- 
tude, adding to the Height found the Height 
of your Eye from the ground, 

- SS CH 
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To take an Altitude by a Bowl of Water, or an 
| ordinary Looking-glaſs. 


Place on the grounda Bowl of Water, 


which done, erect your Body ſtrait up, and 
go back in a right line from the building or 
other Altitude, till you eſpy in the Center or 
Middle of the Water the very top of it; 
which done, obſerve the place of your ſtan- 
ding, and meaſure the height of your Eye 
from the ground, together with the di- 
ſtance of your ſtanding from the Water; 
and the diſtance of the Water from the 
Baſe or Foot of the Altitude: Then ſay as 
the diſtance from your ſtanding to the wa- 
ter is to the Height of your Eye; ſo is the 
diſtance from the Water to the Foot of 
the Altitude, to the Height of the Altitude 
required. The ſame may be done by aGla!s,if 
the Glals be placed Horizontal, or Flat upon 
the ground, and the Eye ſee the top of the 
Tower, Cc. in the Angle or Edge of the 
Glals, and in the Line of Reflection: I ſhall 
give you only one Example for both: Sup- 
poſe the Bowl of Water or the Glaſs be A, 
which laid flat upon the Ground, or Hori- 
Zontal; go backwards till you eſpy the 


top of the Altitude E, then meaſure how 


many 


* 
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many parts is from your ſtanding at B to 
A, and alſo from B to your Eye at C, like- 
wiſe the diſtance from A to D, and then fay 
as the diſtance BA 10 is to the Height 
of your Eye from the Ground CB 14, fo is 
the diſtance from A to D the foot of the 
Altitude 23 + to the Altitude required, 
which you will find 28 of the ſame parts. 


- 
12 | - 
l C © Le” nat 
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Hus much may ſuffice for taking of 
Heights,in the next place we come to 

ſhew how to take Diſtances ; and that (8 
told. you before) is done the beſt by the 
Theodolite, which is the moſt excellent 


K Inſtru- 
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Inſtrument for that uſe (eſpecially as I have 
contrived it upon the Sector) and alſo the 
- moſt portable for conveniency of carriage ; 
I ſhall only add this contrivance, that in- 
: ſtead of a three leg'd Staff you may have 
only an ordinary walking-ſtaff with an 
Hoop inſtead of the Head for the Socket of 
the Inſtrument to move upon, and inſtead 
olf three Legs, only a Braſs cheap at the end 
to prick it down in the ground; and the 
Staff may be made with hollow Caſes.to put 
in the croſs peece, the Index, and the 
Sights, and if you pleaſe, a pair of Com- 
paſſes, whereby it becomes a general Inſtru- 
ment both for Obſervation and Calculati- 
on; the Sector you carry in your Pocket, 
and the Staff in your Hand, appeating no 
other but an ordinary walking Staff, which 
for neatneſs and portability exceed any o- 
- ther contrivance I meet with. . 


SECT. 1. 


But to come to Practice, and by the Theodolite 
to find the Length or Dit ance of any place 
from you, how far ſoever it be, 


This (as was formerly hinted) is no 
more but the reſolving of a Triangle ſup- 
poſed to lye flat or Horizontally upon the 
Oround; as. the taking of Heights. is ne 

i — reſol- 
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reſolving of a Triangle, ſtanding vertically 
or upright upon his Horizontal Baſe ; To 
ſhew you how to do it, take this Example. 
Suppoſe you ſtanding at B, and at A 
there were a Fort or Caſtle, or any/other 
object, whoſe diſtance you deſire from the 

place where you ſtand. | 7 2 
Firſt, By your Theodolite placed at B 
lay the Index with the Sights upon the 
Diameter, where the Degrees take their 
beginning, and thorough the fights eſpy 
the Caſtle at A, the body of your Inſt ru- 
ment ſo reſting or ſcrewed faſt upon the 
ſtaff that ir ſtands on, move the Index 
with the ſights to go degrees, which make 
a Right Angle. There eſpy ſome other 
mark, as at U, then meaſuring the diſtance 
betwixt B and C, (which ſuppoſe 73 pear- 
ches) remove your Inſtrument to C, your 
Inſtrument removed to C, there with the 
Index and Sights upon the Diameter where 
the Degrees take their beginning, eſpy out 
your firſt ſtation at B, then turning the 
Index with the ſights till you again eſpy A, 
where notè what Degrees are cut; ſuppoſe 
61 d. 45 m. the complement whereot- to 
90 d. is 28 d. 15 m. for the Angle at A: 
Therefore you have two Angles and a- fide 
given to find another ſide of. the Triangle, 

ABC; for you have the Angle at A 28 4. 
15 m. and its oppoſite ſide BC 73 pearches, 
R 2 and 
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and again you have the Angle at C 61 4. 
45 m. which holds the ſame proportion 
to its-oppoſite fide BA, which is the di- 
ſtance required. | 

Which ſide or diſtance you may find by 
Reſolving the Triangle either by Protra- 
Ction, as in pag. 132, 133, or by Arithme- 
tick working by Logarithmes, as pag. 31. 
or by the Lines of Numbers, Sines and Tan- 
gents, pag. 41. for as 28 d. 15 m. is to 73, 
lo is 61 d. 45 m. to the fide BA 137 per- 
ches: and (if the other ſide CA be required) 
ſo is Radius or 90 degrees to its oppoſre- 
ſide by the general Rule in Trigonometry, 
pag. 141. being 156 perches. 


SECT. 2. 


To find the diſtance betwixt any two Forts, 
and yet come near neither of them. 


Suppoſe Cone Fort, and D another, and 
you are ro find the diſtance betwixt the m, 
and come nearer neither of them than A 
and B. Firſt place your Inſtrument at A, 
and laying your Index upon the Diameter 
where the Degrees take their beginning, 
through the ſights elpy the Fort at C, the 
In:irument fo reiting, move the Index till 
through the fights you elpy D, which will 
be when the Index cuts upon the Limb 49 

8 Degress, 
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Degrees, which is the quantity of the An- 
gle CAD; Then moving your Index, till 
through the Sights you eſpy your fecond 
ftation at B, then you will find the Index 
to cut 107 Degrees, which is the quantity 
of the Angle CAB. Then meaſure the di- 


ſtance betwixt A and B your firſt ſtati- 
on and ſecond, which ſuppoſe 30; then 
removing your Inſtrument to B, lay your 
Index with the ſights upon the Diameter 
where the Degrees take their beginning, and 
move the Body of the Inſtrument upon the 
ſtaff, till through the ſights you eſpy the 
place of your firſt ſtation A, there ſcrew 

1 your 
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till through the fights you eſpy the firit 


our Inſtrument faſt, and move the Index 


Fort again at C, and obſerve how many 
Degrees are cut by the - Index, which you 
will find 54 degrees, or the Angle ABC 
Laſtly, move your Index, till through the 


fights you eſpy the ſecond Fort at D, and 
there obſerve what Degrees are cut by the 
Index, which you will find 97 degrees, or 


the Angle ABD. Note theſe ſeveral obſer- 


vations as you take them, and then upon 


Paper protract the ſame : As Firſt, Draw 
your Stationary Line AB, and upon the 
point A protract the Angles 49 and 107 4. 


| Likewiſe upon B protract the Angles $4. 


and 97 d. and laſtly draw the line CD from 
the points of Interſection at C and D, and 
that meaſured upon the fame Scale whence 
your Stationary diſtance was taken, will 
ſhew you the true diſtance betwixt theForts 
Gand D, which was the thing required. 


S. a 
How to take the Diſtance of divers places one 
from another according to their true Scituas | 


tion in Plano, ſtanding at ſome convenient 
diſtance. : 


Make choice of two convenient Stations 


(taken as large as 12 can, whereby your 


4 work 
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work will be the truer,) from which ſtati- 
ons you may plainly diſcern all the marks 
or places whole Diſtances you would take: 
As ſuppoſe K and L to be your two Stati« 
ons; Firſt then, place your Inſtrument at 
L, and turn the whole Inſtrument about, 
till through the ſights on the Index lying 
upon the 32 (that is, wy the 
Degrees take beginning) you e our 
ſecond ſtation at K. which 3 alten 
your Inſtrument: Then moving your In- 
dex with the ſights, till you eſpy the mark 
at A, noting how many degrees are cut by 
the Index to the end you may protract the 
ſame when you have done your obſervati- 
on, and after the ſame manner move the 
Index, till through the ſights you eſpy all 
the reſt of the marks one after another, 
as BCD Ef, noting down the ſeveral Angles 
from the Stationary Line KL. Then re- 
moving your Inſtrument from L to K, mea- 
ſure the Stationary diſtance betwixt L and 
K, which ſuppele $00 foot, as in the Ex- 
ample, when you come to protcact, prick 
out this diſtance from a Line of equal parts 
upon che line K L, and placing your In- 
ſtrument at K, lay the Index upon the 
Diameter, and turn the whole Inſtrument 


about till through the back-ſights you eſpy 


your firſt ſtation L, and there {crew it fait; 
then moving the Index, direct your ght 
| | n 
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ſo as to eſpy the ſeveral marks at ABCDE * 
FG, obſerving and noting the ſeveral An-.. | 
| K'5 olez.5 | 


202 Of Surveying. BOOK II. 
gles which each mark makes from the Sta- 
rionary Line KL as before; and upon Pa- 
per protract all the ſaid Angles at K, 4nd 
drawing Lines at length to include thole 
Angles, where theſe Eines meet or interſect 
the other ſeveral Lines drawn from the 
point L; in that very point of interſection 
make a mark, and fet to it the name of the 


thing repreſented thereby; as if A be a 


Church-Steeple, B a Wind-mill, or the 
like: And after they be thus protracted 
upon Paper, meaſure with your Compaſſes 
the diſtance from each place from the 
point K or L, or the diſtance from one of 
thele marks to another, as from A to B, 
from B to C, &c. Theſe diſtances meaſu- 


red upon the ſame Line or Scale of equal 


parts, by which the Stationary diſtance be- 


tywixt K and L were at firſt laid down, will 


ſhew the true and exact diſtance betwixt 
each place reſpectively. | 


As for Example, to find the diſtance 


betwixt C and D, meaſure it with your 
Compaſſes upon the ſame Line of equal 
parts, from which your Stationary diftance 
was taken, and you will find it to be 220 
foot, ſo from K to C will be 700, from K 
to D 810, from L to C 9o, from L to D 
875 foot, and ſo of all the reſt; whereby 
you may perceive this is the ſame with what 
is taught pag. 197; only that 1s. talen the 

ig diſtance 
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. diſtance betwixt 2 places only, and this be- 
\rwixt many at the {ame time, and upon the 1 

(ame ground; and you may further diicern, | 
that theſe are no more but the reſolving of 
Triangles by Protraction, wherein two 
Angles and a Side are given; the reſt 

of the Sides and Angles (if need be) may 

be found as by protraction on this manner, 
ſo likewiſe by Arithmerical Operation allo, 
which I leave on purpoſe to exerciſe the 
Readers lugenuity, and pals on, 
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SECT: 4. 


To take a long Diſtance 
without the help of any 
Inſtrument, unleſs it be 
only ſuch a one that will 
direct you readily to ſet 
eut a Right Angle, as 
any ordinary Carpenters 
Square, or the like. 


Obſerve the Figure, 


and let C be your ſtand» 


ing place, and let E be 
the mark afar off, whole 


diſtance from C you 


would know. 

Firſt, Move in a right 
Line between C and E 
to A any number of 
yards or Perches, as ſup- 
poſe 50, and ſet up a 


5; Staff at A, then move in 


C133. ELA 


B a perpendicular Line to 


CE from A to B, ma- 
king a right Angle at A 


Zany diſtance, ſuppoſe 66, 
Sand ſet up another ſtaff 


as B, then come back again to C, and re- 


move 
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ve in a perpendicular Line to CE, till 


ydu ſee the Fark ſer up at B, and the point 
E ih a Right Line, and ſer up another Staff 


at that « wack ac D, getting the exact Di- 


ſtance thereof from C, which ſuppote 76 3 

then ſubtract the meaſured Diſtance AB 66 
from the meaſured Diſtance CD 76, and 
note the Remainder, which is 10. Then 
by the Line of Numbers, or by the Rule of 


Proportion. 
As the Difference between ABandBC 10 


is to the diſtance berween A and C 50, fo 
is the meaſured Diſtance CD 76 to the Di- 
ſtance berween Cand E 380. Or. ſo isthe 
meaſured Diſtance AB 66 to the Diſtance 


AE 330. 


| S'EC/T+ x: 
To take a Diſtance by a Carpenters, or Maſons 
Square, 


Take a Square with two Sights on one 
ſide, faſten it to the top of a Staff, which 
tuppole 6 foot high, move the Square, ſo 


| that 
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that through the Sights you eſpy the thing 
which you deſire to know how far it is di- 
ſtant from you : Then obſerve the diſtance 
betwixt the Staff (faſtned to the other 
ſide of the Square where the ſights are not) 
and the 6 foot ſtaff which ſuppoſe 2 foot ; 
Then obſerve as often as that diſtance is 
contained in the length of the Staff, ſo ma- 
ny times is the length of the Staff contained 
in the Diſtance required. As how many 
times 2 in 6, that is 3 times. Then ſay, 
3 times 6 the length of the Staff is 18, the 
diſtance required. As in the Example. 


To Meaſure an Inacceſſible Diſtance, as 
the Breadth of a River with the help of ones 
Hat only. | 


Having your Hat upon your Head, come 
near to the Bank of the River, and hold- 
ing your head upright (which may be done 
by putting a ſmall. {tick to tome one of your 
buttons to prop up the Chin) pluck down 
the Brim or Edge of your Hat until you 

may but ſee the other ſide of the Water, 
then turn about the body in the ſame po- 
{ture towards ſome plain, and mark where 
the ſight by the brim of the Hat glanceth 
on the Ground For the Diſtance from that 
TIES | Pa place 
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l e River required. 


* S 


2 

8 

| Place your Theodolite, (or any other 
Inſtrument whereby you can take Angles ;) 

{ at E obſerve ſome mark on the other ſide 
the River, as at D, and obſerve an Angle 


's Jace to your ſtanding is-<the Breadth of 


How to take the Breadth of a River exatlly. 1 


of 90 Degrees betwixt D and F, which may 
be either on the Right Hand, or on the 
Left, ſo far in the Line of 90 Degrees, till 


—— — — 
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you 
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you eſpy the mark D doth juſtly make - an 
Angle of 45 Degrees with the mark E, ind 
this will be when you come ro ; then niea- 
ſure carefully the Diftance E E, and that 
{hail be exactly equal to the Breadth of the 
River DE: Au Angle of 26 d. 30 M. makes 
the Diſtance double to the Breadth, Cc. 
and to by other Angles, but the beſt and 
ſureſt is 45 4. if you can ule no other: 
So likewtle by the tame Rule may be taken 
the Diſtance of any Cape or Iſland from you 
at Sea, or any other Acceſſible Height, or 
Inacceſſible Diſtance at Land. 


——— my » _- — 


CFP. N. 


Jo take both Heights and Diſtances by 


Gunters Croſs-Staff. 


HE neceſſary parts of this Inſtrument 

are theſe, The Sta, the Croſs, and 

the 3 Sights, The Lines inſcribed thereup- 
on are of two ſorts: 1. Either for Calcu- 
lation: Or, 2. For Obſervation : The Lines 
for Calculation are the Lines of Artificial 
Numbers, Sines, and Tangents, whereof 
we have ſpoken largly. The Meridian 
Line for drawing of Sea-Charts; as alſo 
the Lines of Verſed Sines, Chords, &c. 
| 1 which 


. rr 7. © ans 


— 


The ſecond ſort of Lines inſcribed upon 
the Inſtrument are for Obſervation : Firſt, 
A Line of Tangents for Obſervation of 
Angles. Secondly, A Line of equal parts 
not only for taking Angles, but alſo for 
raking perpendicular Heights andDiſtances. 
The Tangent Line on the Staff may be 
known by the double Numbers ſet on both 
ſides of the Line, beginning at one fide at 
20, and ending at 90, and on the other fide 
at 40, and ending ar 180. On the. Croſs 
there are two Tangent Lines. 


t. A Tangent Line of 36 d. 3 m. num- 
bred by 5, 10, 15, to 35, the midſt where- 
of is at 20 d. and therefore I call it the Tan- 
gent of 20, and this hath reſpect unto 
20 d. in the Tangent on the Staff. 

2. A Tangent Line of 49 d. & m. num- 

bred by 5, 10, 15, to 45, the midſt where- 
of is at 30 d. and hath Reſpect to 30 d. in 
the Tangent on the Staff, and therefore 
called the Tangent of 30. The Ule of theſe 
follows. | 


. it 
To find an Angle by the Tangent on the Staff, 


* 


rhe 


Let the middle Sight be always ſet to 


— — — — 
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which I ſhall ſay nothing of in this place. 
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the middle of the Croſs, noted with 20:and 
30, and then the Croſs drawn nearer the 
Eye, until the marks may be ſeen cloſe with- 
in the ſights: For if the Eye at A (the end 
of the Staff) which is noted with 90 and 
1 80, beholding the marks K and N between 
the two firſt ſights C and B, or the marks 
EK and P between the two outward fights, 
the Croſs being drawn down to , ſhall 
ſtand at zo and 60 in the Tangent of the 
Staff: it ſheweth the Angle RAN is 304. 
the Angle KAP 604. the one double to 
the other, which is the reaſon of the dou- 
ble Numbers on this Line on the Staff; and 
this way will ſerve for any Angle from 20 
towards 90 d. or from 40 to 180 d. but if 
the Angle be leſs than 20 d. we muſt then 
uſe the Tangents on the Croſs. y 


EDT. 


To find an Angle by the Tangent of 20 on 
the Croſs. | 


Set 20 unto 20, that is, the middle fight 
to the midit of the Croſs at the end of the 
Staff noted with 25, ſo the Eye at A behol- 
ding the marks L and N clole between the 
two firſt ſights C and B, ſhall ſee them in an 
Angle of 20 degrees: If the marks ſhall 
be nearer together as are M py, 
then 


e 09 WW = A 
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then draw the Croſs in from C to E: If 


* 


they be further aſunder, as are K and N, 
then draw out the Croſs from C to E, ſo 
the Quantity of the Angle ſhall be ſtill 
found in the Croſs in the Tangent of 20 4. 
at the end of the Staff; and this will ſer ve 
for any Angle under 20, and ſo to 35 De- 
grees. | 


S E CF '$. 


To find an Angle by the Tangent of 30 upon 
the Croſs. 2 


This Tangent of 3o is here put the ra- 
ther, that the end of the Staff reſting ar 
the Eye, the Hand may more eaſily remove 
the Croſs: For it ſuppoſeth the Radius to 
be no longer than AH, which is from the 
Eye at the end of the Staff to 304. abour 
22 Inches, and 7 Parts, wherefore here ſet 
the middle ſight to 304. on the Staff, and 
then either draw the Croſs in or out ua- 
til the marks be ſeen between the two firſt 
ſights : So the quantity of the Angle will 
be found in the Tangent of 30, which is 
here repreſented by the Line GH, and this 
will ſerve for any Angle from o d. towards 
48 degrees, | 


SECT. 
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x | | xt 
To take the Altitude of the Sun by Thread and || pal 
Plummet. Jas 


Let the middle fight be ſet to the midſt I up 
of the Croſs, and to that end of the Staff A 
which is noted with go and 180; then ha- | w: 
ving. a Thread and Plummet ar the begin- be 
ing of the Croſs, and turning the Croſs m 
upwards, and the Staff towards the Sun, 
the Thread will fall on the complement of 
the Altitude above the Horizon, and this 
may be applyed to other uſes allo, Thus 17 
much for the Line of Tangents. 

The other Line for Oblervation, where- 
by you may find both Angles and Sines is 
the Line of equal parts, which in Guxters 
upon the Staff is 36 Inches, each Inch di- 
vided into Tens, and each Ten into Halfs; 
and to anſwer it upon the Croſs is 26 4 In- 
ches between the two outward ſights. 


SECT. 5» 


*. ee x. orc — £ 7 


To take Angles by theſe Lines of equal parts. 


If the Angles be obſerved between the 
two firſt Sights, there will be ſuch propor- 


tion between the parts of the Staff, _ 
| | the 


A M6 >> £2. T7. 


» A 


/ 
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the parts of the Croſs, between Radius, 
and the Tangent of the Angle; as if the 
parts intercepted on t!1- 5127 be 20, the 
parts of the Croſs g hen by Proportion, 
as 20 is to 9 upon the Line of Numbers, ſo 
is the Radius to the Tangent of 24 4. 14 m. 
upon the Line of Tangents : But if the 
Angle be obſerved between the two out- 
ward Sights, the parts being 20 and 9, as 
before, the Angle will be double to the for 


mer, viz, 48 d. 28 1. | | 


. 6& 


To take not only Angles, but Sides alſo by this 
Line of Equal Parts, which is, to take 
Heights and Diſtances. 


And Firſt, For Heights. 


In taking of Heights you are to hold 
the Croſs upwards, and for Diſtances, to 
hold the Croſs ſideways, and the Eye 
placed at the beginning of the Staff, eſpy- 
ing the marks by the inward fides of the 
Sights, there will be ſuch proportion be- 
twixt the Diſtance and the Height as is be- 


tween the parts intercepted on the Staff 


and Croſs: The Ground whereof you will 
find in pag. 189. 


PROBL. 


— — — — 
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Having the Diſtance from your . ſtanding to 
the foot of the Altitude given, to find the 
Height. 


As the Segment of the Staff is to the 
Segment on the Crols, ſo is the Diſtance 
to the Height. As if the Diſtance AB be- 
ing meaſured, or known to be 256 feet, it 
were required to find the Height BC. Firſt, 
J place the middle fight at 24 Inches (or 
Parts,) then holding the Staff level with 
the Diſtance, I. raiſe the Croſs parallel to 

the Height or Top of the Altitude ; ſo as 
my Eye may ſee from A, (the beginning of 
Inches, or Parts upon the Staff) by the ſight 
E unto the mark C; which being done, I 
find 18 Inches intercepted on the Croſs be- 
tween the fights at E and D: Therefore I 
ſay, the Height BC is 192 feet; for as 24 is 


to 18, ſo is 256 to 192: Or if the obſerva- 


iion were to be made before the Diſtance 


were meaſured, I would ſet the middle ſight * 
to 12, 16, 20, 24, or ſome ſuch Number as 
might beſt be divided into ſeveral parts, 
and then work by Proportion: As in the 
former Example, Suppoſe L ſer the Staff to 
2 and the Croſs to 18, it ſNews the Height 


is + of the Diſtance, therefore the Diſtance 


bein 25s, the Height muſt be 192 as before. 
6 25 PROBL. 
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Having part of the Height given, to find 
a C1 aA 


the whole Height. 


As if the Height from G to C were 


known to be 348, and it were required to find 
the whole height BC. Firſt, put the third 
ſight, or ſome other ſight upon the Croſs 
between the Eye and the mark G. Then, 
as the Difference between the ſights E and 
F 45, is to the whole Segment on the Croſs 
ED 180, fo is the Part of the Height given 
C48 to the whole Height BC 192. 


PRO B L. 3. 


To find an inacceſſible Height at 2 Stations, by 


knowing only the Stationary Diſtance. 


As the Difference of Segments on the 


Staff is to the Stationary Diſtance, ſo is 
the Diſtance on the Croſs to the Height 
required: As ſuppoſe the firſt Station at 
H, the Segment on the Croſs ED were 


180, and the Segment of the Staff HD 
300. Then coming 64 Feet nearer to B in 


a direct Line towards the Height unto a 


ſecond ſtation at A, and making another 
obſervation: Suppoſe the * 5 
| | Croſs 


—— Sr reren B „1 my 
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Croſs ED were ſtill 180 as before, and the 
Segment of the Staff AD 240. Take 240 
out of 300, the Difference of Segments will 
be. 60: Then ſay, a 
As 60 the Difference of Segments to 
64 the Stationary Diſtance (or Difference 
of Stations) ſo is DE 180 the Segment of 
the Croſs to the Height required, viz. 
BG 192. | 


PROD L. 4 


Having the Height of any thing given, to find 
the Diſtance. | | 


Secondly, For finding Diſtances. 


As the Segment of the Croſs (or the 
parts vpon the Croſs which is all one) is to 
the Segment of the Staff, (or the parts 
upon the Staff,) ſo is the Height given to 
the Diſtance required. For Example, as 
the Segment ED 18 on the Croſs is to DA 
24 on the Staff, ſo is CB 192 the Height to 


256 the Diſtance. 


P ROB L. 5. 


Having Part of the Height given, to find the 
Diſtance. 1 | 
As the Difference between the ſights 
| | EF 45 


8 


: 
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EF 45 is to the whole Segment of the Staff 
DA 24, ſo parc of the Height GC 48 is to 
the diſtance required, viz. AB 256. 


5 
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To find a Diſtance at two Stations, hy knowing | 
omly the Stationary Diſtance, 


As the Diſſerence of Segments on the 
Staff is to the Stationary diſtance, ſo is 
0 L the 
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As 60 the difference. of Segments is to 
64 the Stationary diſtance, ſo is the Seg- 
ment at the firſt ſtation 240 to the diſt ance 
AB the firſt ſtation 256. And ſo is 300 
the Segment at the ſecond Station, to 320, 
the diſtance HB the ſecond Station. 

In taking a Breadth it is not material 
whether the rwo Stations be choſen at one 
end of the Breadth propoſed, or without it, 
or within it; if the Lines between the Sta- 
tions be perpendicular unto the Breadth ; 
as may epprar, if initead of the Stations at 
A and H, we make choice of the like Sta- 
tions at I and K. To conclude, in all thele 
there is regard to be had to the parallax of 
the Eye, and his Height above the Horizon ; 
to the Semidiameter of the Sun, his Paral- 
lax and Refraction : As alſo the Parallax 
and Refraction of the Moon and Stars, if 
you will be ſo very exact; which you may , 
fee in this following Table. 


24 3 
E | 
fo 


: 


2 : P 


a 9 " . 
7 — — — — —-—-—-— — — — 1 —— 2 


” 8 f 5 f ; 4 — d g 15 f "= 
-$7%3 276 REAL FSH Agn A ble [3 
Ad mon ac 3 1 1 'Ta le. 
{4 * * * oa 
uz sun 993 38791 beo 307. 


T 


"220 


Of Surveying. 


pr 


BOOKH: 


_ 7 he Table of theſe - Parallaxes according 
to the Obſervations of Ticho Brahe. 


The Table of Refraftions. of the Suu, Det 


A. ooh, and Stars. 


Po 
— 


| ; Ailt- i= Sun Noon Stars, ' alt; Sun Moon, 
' rudes. min. min min. ſtudesſmin. min. 1 
— —— — — — — . — 
o 13433 30 18 66 
a |26|25.21 J [5 6 
| 2 | 20 |. 20 +15 120 445 
„ 1745 12 21 1 30 
4115 24 
2 14 | 14 10 2334 
16 [1313 he: 5 24 144 
„ alen of 4.4 25 243 
-8 i j12 | 7] [26,1 24 3. 
9, | 10 B47 n 
10 10 15 28 1463 
41 910 : 51 29 21 2 
12 9109 77 4 30142 
13 8 09 4 - i 31 1 2 = 
14 | 84 8_ | 3 132] 1] 1 
15 71 8 3 33 * I 
1 2 34 | 1] 1 
wil 6{71 21 Tt 20 


The Refraction of the Sun, Moon, and 


The 


Stars cauſeth them to, appear higher.above 
the Horizon than they really are, there- 
fore Subtract the Refraction from the Al- 
titude obſerved, that the true Altitude 


may be had. 


* | 
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»The cauſe of theſe Refractions or Paral- 
laxes is the Atmoſphear, or the groſs Va- 
pours and Thickneſs of the Air near the 
Horizon, or che Face of the Earth; which 
to demonſt rate by an eaſie experiment, ſet 
don an empty Baton on a Stool, laying a 
ſhilling in the bottom of it; and go fo. 
much backwards, till you bring the edge of 
the Baſon and the Shilling in a right Line 
with your Eye, and then let another fill 
the Baſon with fair Water, and you may 
5 a pretty way further backwards, and 
ill ſee the Shilling and the Edge of the 
Baſon in a right Line, the Refraction of 
the Water being the Cauſe thereof; and 
from this Reaſon we conclude that the Sun 
ſeems to appear aboue the Horizon when 
he is really ſer; and that other times he 
ſeems higher than he really is, as alſo the 
Moon and Stars. 12 


r 


—_ ˙ 
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He ſhewed you ſeveral ways tokake 
Heights and Diſtances in general, 

I come now to ſpeak of Surveying, as it is 
taken in a ſtrict and particular ſente for the 
Meaturing of Land according to th@Diver- 


ſity of Incloſures - Now this Meaſuring of 
| L3 Land 


a * 
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Land is no more but finding the Area or 
Content of a Superficies, and conſiſts in 
theſe rwo Particulars. Firit, Plotting of 
Ground, or taking the Figure of it: Se- 
condly, the Meaſuring of that Plot or Fi- 
gure fo taken, or taking the Superficial 
Content thereof... n 17 
1. The former of theſe, viz, The plot- 
ting of ground is excellently performed: 
Firſt, By the Plain Table. Secondly, By 
the Theodaolite : Or, "Thirdly, By che 
Chain only, and Scale and Compals, . - . 
2. The latter, viz. The Meaſuring of a 
Plot is no more but the reducing of it to 
one or more of the Three Regular Geo- 
| metrical Figures before- mentioned, viz. 
either to a Circle, a Square, or a Triangle, 
(eſpecially the laſt of theſe). and meaſuring 
it by their Rules, ſeeing no Plot or Figure 
can be ſo Irregular, bur may be reduced to 
Triangles, (if not to either of the former) 


and ſo may be meaſured by Trigonometry. 
ern. 
Eirfagghen, To taks a Plat hy the Plain Table. 


A Plain Table is no more but a Board, 
or rather; three pieces put together, ma- 
King a n Square or Parallelogram, ſuffi- 
cient to hold a hee of Paper, with Ledges 

to 


* 
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to keep the Table together, and the Paper 
fait, with a looſe Index with Sights to lye 
upon the Table: The ule is as follows. 
Firſt, Placing your Inſtrument upon the 
Staff, faſten it by the ſcrew in the ſocket, - 


which it hach common with a Theodolire, - 


and ſtanding at any Corner of the Inclo- 


5 ſure, whole Plot you would take as at A, 


lay the Index wich the ſights upon the Pa- 
per, and thorough the fights eſpy ſuch a 
mark upon the Hedge or Side of a Field or 
Incloſure as far us the Hedge goes in a 
ſtraight Line as at B; and by the Fiducial 


edge of the Index, draw a Line what length 
you pleaſe from A towards B : Then remo- 
ving your Inſtrument meaſure with your 
Chain the diſtance -betwixt A and B, and 

L 42 from 


0 
224 Of Surdeping. BOOR II. 
from a Scale of equal parts prick down in 
Perches the ſaid Diſtance from A to B upon 
the Line drawn; then placing your Inſtru- 
ment at B, lay the Index upon the Line AB, 
and turn the whole Inſtrument till through 
the ſights you eſpy A your firſt ſtation; 
there ſcrew the Inſtrument faſt upon the 
Staff, obſerving that A lay even with the 
Line drawn, then moving the Index to the 
Point B, keep one end thereof to that 
point; and move the other till _— 
the ſights you eſpy a third mark at C, 
(which again is as far as the Hedge or Side 
of the incloſure goes in a right Line:) 
And by the fiducial Edge of the Index draw 
another Line tothe point B, aud meaſuring 
the diſtance by your Chain betwixt B and 
C, prick the ſamè diſtance pphn the Line 
BC from the ſame ſcale of equal parts, and 
remove your Inſtrument to C, and ſo from 
Point to Point, till you have gone round 
the incloſutre: So ſhall you have a perfect 
Plot of the whole Field upon your Paper; 
and having ſo, it is eaſily reduced to Tri- 
angles, as is taught pag. 102. and meaſured 


by its Rule, pag. 107. whereunto I refer 


the Reader for brevity. 


SECT. 


þ 
; 


0 


* 
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Secondly, To take a Plot by the Theadolite. | 
The Deſcription of a Theodolite you 


have pag. 183, and 194. The uſe of it in 
taking diſtances in general, you have allo 


pag. 194, 195, 196, 197, 198; and as for 


mealuring of Land thereby, it is no more 
but the particular application of thoſe ge- 
nerais upon this particular occaſen: As 
for Ps former Plot in pag. 223. 
by this Iſtrüment, placing your Inſtru- 
ment in any Corner of the Eield, or in 
any point of any of the ſides thereof; 
your buſtneſs is to take the diſtance betwixt 


ohe point and another till you have gone 


round the Field, as is taught 194, 195, and 
196 : Therefore 1 ſhall not here uſe Repe- 
tition : Bur becauſe there is one ſpecial 
Example in Leyburn, how by the Theodo- 
lite to Plot a Field ac two Stations taken 
in the middle thereof; from either of 
which all the Angles in the Field may be 
leen with meaſuring the Stationary Line 
only, being an excellent, pleaſant, and in- 
genious way, I ſhall here give it you: 
And for NR oE I ſhall acquaint the 
Reader that is the very lame as is 
ſhewed pag. 200, and 201, KL being 
OE OL of 5 ſuppoſed 
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ſuppoſed the Stationary Line in the middle, 
aud the whole Figure in pag. 120, being 
ſuppoſed to be only one half of the Plot, 
and Lines drawn from one point to ano- 
cher round rhe whole, as is there done ; by 
which means you ,will have the Periphery 
of the whole Plot; but to give you an en- 
tire Example or Figure more, referring 
you to the former place ſor Direction, ob- 
ſerve this following. 
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Thirdly, To-take the Plot of a Field without 
any other Inſtrumont but the Chain only, and 
by your Scale to Protratt the ſame upon Paper. 


Let ABCDEF be a Field to be plotted, 
Firtt, Meaſure every ſide thereof with your 
Chain beginning at_A, ſo ſhall vou find, 
The fide. AB contains 2 Chains 5 Links 


4123, 30 1 48 
KN n 6 
' DR e fey 
02: . Hor 22457 C4 G4 
FA 2 52 


- Mi 
Note that theſe are meaſured by Mr: | 
Gunters Chaih (which I do molt commend, -- 
and which contains 4 Poles, each Role 25 | 
Lipks, or 100 Links in the whol& Chain, 
each Link contains 7 18 Inches, in all 792 
Inches, 66 Foot, or 22 Yards.) © - © Bf 
Now aſter that you have taken or meaſu- 
red theſe ſeveral ſides by this Chain, to 
protract the fame upon Paper, obſerve, 
That the Field contains 6 fides, and there- 
fore may be reduced into tW-ô Trapezias, 
or into 4 Triangles. A Trapezia is any Fi- 
gure of 4 ſides, whole ſides and Angles are/ 0 
all unequal, ſo thav-this field may be red. 


ced #t 


e 7 
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ced into the Trapezium ABCE, and FCED 
by a Line drawn from the Angle F, to the 
Angle C, which being meaſured by your 
Chain, you will find the Length of it to be 
2 Chains 89 Links. Then again, if you 
meaſure wich your Chain from C to A, 
which will contain 2 Chains, 70 Links, 
and from C to E, which contains 3 Chains, 
60 Links; you will find the former two 
Trapezia's divided each into two Trian- 
gles, viz. the Trapezium ABC into the 
Triangles ABC and ACF: And the other 
Trapezium FCED into the Triangles FEC 
and CDE; in every which Triangle you 
have all the ſides given, by means whereof 
you may draw upon Paper the exact Figure 
of your Field by what Scale you pleaſe, (ac- 
cording to the Rule given, pag. 85.) and as 
it here follows. _ NE, 
Firſt; Taking into your conſideration 
the Sciruation of your Field, draw upon 
your Paper the Line AC, containing 2 
Chains, 70 Links of any ſcale : Then be- 
cauſe the fide AB contains 2 Chains, 5 
Links, open your Compaſſes to 2, 5, and 
placing one foot in A, with the other de- 
WH tcribe the pricked Arch 2 b. Likewite take 
in your Compaſſes 1, 48 the length of BC 
and placing one Foot of your Compaſſes in 
C., with, the other deſeribe the pricked 
Arch c 4; croſſing che ſormer Arch 4 * 
} . the 


— — , ͤqë 7⅛˙— .. 7˙˖ 2 
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the point B, then drawing 2 Lines from 
C and A to the point B, you have protra- 
cted the Triangle ABC: After the ſame 
manner muſt you protract the Triangles 
AFC, FEC, and CED, ſo is your work fini- 
thed, and the Figure of the Field protract- 
ed upon Paper. | 


CHAP. VI. 


Mom for to know how to Meaſure this 
| Plot thus prot racted, or any of the 2 
former, pag. 223. 224, and by con- 
ſequence any other. Take theſe Rules 


following. . 


S E . 


Firſt, You muſt Reduce the ſaid Plot or Fi- 
Jure into one or more of the Three Regular 
Geometrical Figures before-mentioned, vix. 
the Circle, Square, or Triangle. 


OW there are very few, or no pieces 
of Land which can be reduced to the 
firſt, viz. the Circle, but what may be 
done às to that you have pag. 74: But to 
the ſecond, viz. the Square, many _ 

voller | 0 
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of Figures may be reduced thereunto, as 
you may lee pag. 89, 90. But in che third 
and laſt place, any irregular Plot whatſo- 
ever may be reduced to Triangles, as you 


may ſee pag. 104 and 105, and as you ſee 


this Plot is done, 
£48 C3287 


Now this being done, there is no more 
to be done, bur ro meaſure thele ſeveral 
Triangles by letting fall perpendiculars, as 


1 1 
- 


7 . l un * . 
. - a 2 
4 4 - : * % 
Fx 
* O o 0 — 
1 . - N 
* of Q a - 0 
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- 
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is capght p.. 36, and mulriplying half the 


whole 


- - 
190 


Baſe, aud.the whale Perpendicular or the 


— 


— 


0 


BOOK II. Of Surveying. 231 


whole Baſe and half the Perpendicular to- 
gether, which will give the ſuperficial Con- 
tent of each Triangle, and the Contenis 
of the ſeveral Triangles added together, 


will give the Content of the whole Plot in 


Acres, Roods, and Perches. | 
XE Y LE TN. 


And for finding the Superficial Content 
of a Triangle, having all the Three ſides 
thereof given, it is taught pag. 113. Which 
may be done without letting fall any per- 


pendicular: For the doing whereof I refer” 


the Reader to the place before- mentioned, 


Pag. 113. 


RULE 2. 


The Second Rule is, To find how many 
Acres, Roods and Perches are contained in 
any Triangle, or any other piece of ground 
of any other ſhape. And for this purpoſe 
note, that 3 Barley Corns is an Inch, 12 
Inches a Foot, 3 Foot a Yard, &c. And that 
by the Statute 54 Yards, or 16 4 Foot make 
a Perch or Pole, 40 ſquare Perches make a 
Rood, and 4 Rood an Acre, ſo that 160 
ſquare Perches ate an Acre: Suppoſe a 
piece uf Ground fhould contain 9190 fſquare 


Ferches, Divide 917 by 40, the Quotient 
2711 | 


will 


% 1 — — 
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will be 22 23, divide this again by 4, the 
Quotient is 5, 2, 37, Which is 5 Acres, 
2 Roods, 47 Perches; or divide 917 by 160, 


- the Quorient will be 5 Acres, and 117 


Perches, which is 2 Roods, 37 Perches, as 
before. 11 


"RULE 


Note again to bring Chains and Links 
into Acres, Roods,and Perches: That 100 
Links (of Mr, Gunters) make a Chain, 10 
Square Chains an Acre, Now tuppole a Piece 
of Land to contain 9 Chains, 50 Links in 
length, and 6 Chains 25 Links in breadth, 
lying in a long Square : Multiply the one 
by the other, or 950 Links by 625, the Pro- 
duct is 519375, from which Product in 
Square Links cut always off the five laſt 
Figures, ſo is the reſt to the left hand 
compleat Acres, which is here 35. Thoſe 
which are cut off being 93750 multiplyed 
by 4, (the number of Roods in one Acre) 
produceth 3175000, from which Product 
cutting off again the 5 laſt Figures towards 
the Right Hand, the Remainder towards 
the Left Hand ſhews the compleat Roods, 
Which are here 3 The 5 Figures cut off be- 
ing 75 oo, multi plyed by 40 the Number of 
Perches in a Rood, produceth 301 co; 
ſo cutting off the 5 laſt Cyphers . 

110% rae 


— 
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the Right hand, leaves 30 towards the Left, 
which are 3o Perches : If any odd Num- 
bers had remained in thoſe which were cut 
off, they had been ſo. many Hundred Thou- gyw-* |} 
ſand parts of a Perch; but no Fraction re- ' 
maining, the Contents of this Parallelo- 
gram or Long Square, is 5 Acres, 3 Roods, 
and 3o Perches : the like is to be done in 
any other. | | 


Sers. 
But to help you herein, obſerve the Ta- 
ble following as to the former Example 
593750. Cutting off the 5 laſt Figures, 
there remains 5 Acres Then look for 
goooo in the Table under the Title Links, 
and againſt it under the Title Roods and 
Perches, you find 3 Roods, 24 Perches: Then 
look for 3750, and againſt it you find 6 
Perches, all which added together gives 
you the Area or Contents of the whole, as 
efore; 5 Acres, 3 Roods, and 30 Perches. 
The like is to- be obſerved in any other 
Number of Square Links, to reduce them 
to Acres, Roods, and Perches. 
3. A. G K oP. 
2— 24 


Somma 5. 3— 30 


Squate 


- Perches, to find how © many Perches in 
Breadth will make an Acre: 71 


As the Length in Perches (which ſuppoſe 
5a) is to 160 upon the Line of Numbers, 
the ſame extent the ſame way will reach 
from 1 to the Breadth in Perches in this 
Example, 3 355 or 3 3 part of a Perch = 
e vide 


234 Of Surveyine. BOOK II. 
Square Links. R. P. square“. R. b. 
©0009 4 | 00 5625 |—| 9 
90000; 3 24 ][ 5000 |—}| B 
47. 8oo o 11 08 4375 — 7 
70000 232 [ 3750 — 6 
E©OCOO. 2 | 16 | | 3125 & 5 
50000 | 2 | oo 2500 — 4 
| 40000 | 1 | 24 1875 — 3 
| 300009 1 BF 1250 — 2 
20000 | © 32 625 — 1 
10000 00. 16 FE NT 
9375 — 15 Note that 220 
8750 — 14] ]yds. or 11 Score 
8125 — 13 | ſin Length, and 
1700 — 12 22 yds. in Brea. 
6875 P_ makes an Acre. 
I. 62599 k—wll | 
0 ET: +; ; 


Having the: Lenfth of any piece of G round in 
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vide 160 by 50, Quotient 3 £2, which is 
the ſame. But in Chains and Links: As 
the length in Chains is to 10, fo is one 
Acre to the Breadth in Chains and Links : 
As the Extent from 12 Chains 50 Links to 


Lo, will reach from ico Links, or 1 Acre 


to go Links the Breadth required. Leyburn 
Na Sie: 


2 19 SAG 198i! 5 
DAB 15 42 T as 42 
To knom whether 
a Field truly, 

ig 1K. 289 T7 Sa 
Add all the Angles together, and if the 
Sum of them all do agree with the Sum of 
180 degrees multiplyed by a Number leſs 
by two than the Number of Angles in the 
Field, your work is true, otherwiſe not: 


This is where all the Angles are inward, 


but if any of the Angles be outward, then 
take the Complements of -ſuch Angles to 
180 Degrees, which is to be added to the 


reſt of the Angles inſtead of the Angles” 


themſelves, and theſe outward Angles (if 
never ſo many). muſt not be accounted as 


Angles in the Multiplication, but wholly 


rejected. 


5 To 


you have taten dhe Angles -of 
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To reduce Chains. and Links (of Gunters 
Chain) into Feet and Yards; 


Set down the Number of Chains and 
Links as one whole Number, (as ſuppoſe 5 
Chains 32 Links, ſet them down 5.32) mul- 
tiply this 532 by 66 the Product 15-3511.12,. 
from whence cut the two lai: Figures to- 
wards the Right hand, ſo ſhall the Figures 
to the Left hand remaining be Feet, and 
the Figures cut off 100 parts of Feet, viz. 
351 x37 Feet, theſe divided by 3 brings 
them into yards, viz. 117 yards. Or mul- 
ply $32 by 22.is 11704, and cut off the 

two. laſt Figures, brings it into yards at- 
once, viz. 117 as before, and 45 parts of 
a yard the Fraction. But let the Number 
of Chains be what they will, if the number 
of Links be leſs than 10, you muſi place a 
Cypher before the number of Links, as ſup- 
poſe 9 Chains 5 Links, place them thus, 
Loß, then multiply them by 66, as in the 
other Example, will produce 59730, from 
which cut off the two laſt Figures, and 


there will appear to be 597 Feet, 138 parts, 


and ſo of any other: As for Example. 


— 


9.05 
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, | 
6 9.05 CRONE t 
an 

5 a enn 
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nan e 117 RELA 
597-30 8 


Note further, that to lay down any num- 
ber of Chains and Links, is beſt done from 
a, Diagonal Scale, any other Scale of equal 
parts not being ſo convenient, becauſe the 
ordinary Scales are only” divided firſt into 
10 parts, and one of thoſe parts into 10 


leſſer parts; but the Diagonal Scale is not 


only firſt divided into 16 parts, and thoſe 
again into 10 leſſer parts; but thoſe leſſer 
parts alſo divided into no other parts, by 
means of the croſs Diagonal Line; ſo that 


each of the largeſt Diviſions is really and 


viſibly. divided into 100 parts, and there - 
fore een firſt; for Chains, the laſt are 
Links, and out of it you may take any 


— 


Number meaſured by yeur Chain to a ſingle 
Link, to which a little practice will eaſily 


bring: you. 


As to give you one Exam ple,Suppoſe you 
were to take from your-Scale 3 Chains, 36 


Links. Firſt, Take three of the large Di- 


viſions in your Compaſſes for the three 


Chains; 
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Chains: Then for the Links obſerve, that 
the ſmall Diagonal Divifions are numbred 
from 1 to 10 upon the Top, and likewiſe 
from 1 to 10 upon the 
| © 2 fide, now reckon upon 
2822 the ſide upwards from 1 
to 7, and thoſe ſignifie 
Tens, and run along that 
Line till you cone uit un- 
der 6 on the Top, and 
thoſe ſignifie Units, and 
where thoſe two Lines 
meet, there is the place 
ſignifying 76. Therefore 
the Extent of your Com- 
paſſes from a to B is ex- 
actly 3 Chains, 76 Links, 
and from D to C is 3 
Chains, 24 L Links, and 
frometoF is 2 Chains 18 
Links; and fo of any o- 
ther number that you have 
EL occaſion to protract, be 
b the fame” more or leſs. : 
he Rble is the ſame al- 
- | ways, counting upon: the 
ſide upwards for Tens, & 
from che left ſide towards 
the righr you muſt reckon” 
> Unites, and oblerving to 


meaſure e cha and Linkes always * the 
ame 


ts 
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ſame parallel Line, which is drawn from 
one end of the Scale to the other. 


SECT. bee 


, ; 5.40 5 4 1 13143 57 
(To tate the Plot of any Champian Field of 
2000, or ,3090 Acres by the. Plain Table, 
and never change Paper. 


Place your Inſtrument at every Angle, 
and ſo get every Angle and his ſides, not re- 
garding the length of the containing fides 
as you be wont. Then Meaſure every 

Hedge, and as you ule to lay the ſame down. 
by your Scale and Compaſs, here you ſhall 
but write the length of every Hedge upon 

the Lines drawn upon your Paper, fo. they 
need not run off the ſame, becauſe you may 
draw them as long and as ſhort as you pleate, 

but when you come at home you mult pro- 

tract them according to due proportion. 


SECT, n 


Angles taken by the Interſection of Lines often 
fall out fo acute, that it is hard to find the 
true point of Interſettjon. Oo 

| | en SAY: 
Therefore when you. have taken a Field 
at two Stations by interſection 6f Lines (as 
is taught, pag. 223.) Them from the. tirit 
bur | Sta- 


240 Of Surveying. BOOK II. 
Station beyond the ſecond, or from the 
ſecond Station beyond the firſt, obſerve 
ſome Mark or Tree inclining towards the 
-propoſed Field (which let make rather a 
Right Angle than obtuſe Angle with your 
Stationary Line) and ſo get the Angles it 
makes with. both your Stations, making 
your Stationary Line one fide of the ſaid 
Angles : Then go to the mark eſpied for a 
third Station, and there obſerve ſuch Cor- 
ners that you thought would fall out Acute 
by Sections of Lines iſſuing from the firſt 
Stations, and thereby get the Angles they 
make with your firſt and ſecond Stations, 
for by help thereof you ſhall correct the 
acure Section of the former Lines. 

And note, that where a Field lies ſo that 
you cannot from 2 Stations ſee all the Cor- 
ners thereof, what you cannot do at the 

firſt and ſecond: ſtation, you may do with 

as many more {tations as need requires, as 
a third, fourth, or fifth Station, or more, 
as you ſee cauſe - © * 


SECT. 8. 


To tate the Plot of a Mood, or WateriſhGronnd, 
when by Reaſon of ſome olſtruction or other, 


ou cannot come within it. 


En = St 1 $44 | 8 nd © 
Your way is to go round about'the fame,” 
— 15 and 


g 
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and make your obſervations at every An- 
gle, the Diſtance between Angle and Au- 
gle meaſured by your Chain will be the 
ides of the Plot, and protracting both the 
Angles and Sides upon Paper, will give you 
the true Figure of the whole, which you 
may meaſure by the Rules aforegoing. 


Ss. E- COTE” 


Take notice, that the moſt, or however, 
very many {mall inclolures are Trapezia, 
that is, having 4 unequal Sides, and 4 un- 
equal Angles: Now any of theſe may be 
eaſily reduced into two Triangles, and ſo 
meaſured as I have formerly ſhewed you: 
But for the more ready caliing up the Con- 
tents of theſe, note, that the Diagonal 
Line drawn from Corner to Corner, where- 
by the Trapezia is divided into 2 Trian- 
ples, is by that means the common Bale 
to them both. Therefore add the two 
perpendiculars together, the half of which 
multiplyed by the whole Baſe, the Product 
will ſhew the Contents of the whole Tra- 


pezia; or if you add both the perpendicu- 


lars together, and by that multiply the Whole 
Baſe; half of the Product will be the Con- 


tent of the Trapezia. 
eee 


Another way to meaſure a Field of 4 
gy M unepual * 
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unequal ſides is this: Firſt, Meaſure the 
top and the botrom, and add thoſe two to- 
gether, and take the half, then meaſure the 
two oppoſite ſides, adding them alſo toge- 
- ther, and take the half, theſe two halfs 
multiplyed the one by the other, the Pro- 
duct will give you the true Contents: As 
ſuppoſe one fide be 16 Perches, its oppo- 
ſite fide 6, theſe added, makes 22, the half 
-whereof is 11 : Then ſuppoſe one of the 
other ſides 28, its oppoſite fide 18, theſe 
added is 46, the half whereof is 23, which 
multiplyed by 11 ſhews 253 to be the 
whole Content. Note, that to protract a 
Trapezia, you mult by the Theodolite, or 
ſome ſuch like Inſtrument obſerve one of 
the Angles, which being known and pro- 
tracted, prick off the 2 containing ſides, 
and from the end, or the Extremities of 
thoſe 2 ſides, you may draw the other two 
ſides by 2 Arches, croſſing one another at 
their Reſpective. Diſtances, as in a Square 
or Triangle, as is elſewhere taught. 
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AT ABLE of FRACTIONS. 
O R, 


Parts of Integer Pearches, that is, in any 
Number of Pearches, fo far as the Table 
Extends, What a Quarter of a Pearch 
awanting, or over, will amount unto in 
Day-works, Pearches, Yards, Foot, and 
Inches Square. 
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$ P. DP. V. F. I. \P. B. P. V. F. I. 
422 11113 61/3 311. 
l (a3 [a [aſa 
jor +2] | | 54 Iz. 63 3 3 4/042 
£44) 239909 564 400% 
8 4 1213417 1 14 8 5 4% 111412 
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If you have occaſion for; half Pearches, 
take theſe Sums twice; if for three quar- 
ters take the ſame Sums thrice, and the 


total will be your deſire. . 4 
Note that 3 Barly-Corns is an Inch. 1 2 In- 


ches a Foot, and 3 Foot a Yard, 5 Yards a 


Pearch, 4Pearches aDay-work,10Day-work 
a Rood, 4 Rood or 40 Pearches an * 
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This Table may be very . uſeful for thoſe 
that have their Chains and Meaſuring Lines 
divided only into Pearches, half Pearches, 
and Quarters : But the moſt exact way is, to 
caſt up by Chains and Links for ſuch as have 
Mr. Guntexs Chain, which way you have 
taught, pag. 231, 232. But I leave every 
one to ule which way pleaſes him beſt, and 
ſo conclude Surveying. Wh as ed 


As an Appendix I ſhall add theſe 3 Pro- 
poſitions following. | | 


" 
- 


- 


. - 
" z ©» * = 5 . 
- : l * 1 * 7 N | 
9 9 1 7 * | 
89 £ - P R oP; & * Gd IG; 
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How" to take the Sap ite Contents of Hills 
and Valleys according to Mr. Diggs. 


_ Suppoſe ABC were a Mountain, firſt, 
meaſure the Circuit of the Baſe AC 100 
Pearches : Then meaſure the Compaſs of 
the Summity or Top BB 16 pearches, 


» 
: " N 7 8 . N ” - 
, Ihe 3 3 1 3 , "- 4. # * 141 11714 
. 94 2 5 a 7 * 4 . 
14.8 2.3 aeres oki + #117 . 21 
7% 4 bo - - * 

1 x 1 


EI Jr 4 — 86 
which added together makes 116 pearches : 
Then meaſure the aſcent of the Hill AB 75 
Je i "DEarcnen; 
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— 
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pearches, and its oppoſite Afcent CB 55 
pearches, adding theſe two Aſcents toge- 
ther 130, half of which is 65, which mul- 
tiplyed by half of the Circuit 58, the Con- 


tent will be 23 Acres, 2 Roods, and 10 


pearches, the true content of the Hill. 

For meaſuring a Valley inſtead of the 
Circuit at the Baſe in a Mountain, you muſt 
meaſure the Circuit of the top of the Valley, 
and inſtead of the Circuit of the top of the 
Mountain, you are to meaſure the Circuit 
of the depth of the Valley, and inſtead of 
the Aſcenſes of the Hill, meaſure the De- 
ſcenſes of the Valley, which makes it an 


hollow hill turn'd upſide down, and to be 


meaſured by the Rule aforegoing. 


. 3 

To find the Horizontal Line of a Hill or 

Mountain. 3 

This is no more but reſolving a Hill in- 
to 2 right Angled Triangles, and then to 
find the Baſe of both thoſe Triangles which 
is the Horizontal Line, or the Line on 
which the Hill ſtandeth. Now to do this, 
place your Quadrant at the foot of the Hill 
on one Side, and through the Sights eſpy- 


ing the top of the Hill (or a mark ſet as 


high above it, as your Inſtrument ſtands 
above the ground) Obſerve what degrees 


are cut by the Thread upon the Limb of 


the 
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the Quadrant (ſuppoſe 47 4.) then the An- 
gle ar the top muſt be the Complement” 


thereof to 99, viz. 434. then meaſure the 


diſtance betwixt the top and the bottom, 
which ſuppoſe 71 feet, being the Hypothe- 
nuſal of the Triangle oppoſite to the right 
Angle go, ſo having thele given, you may 
eaſily find the Baſe and the perpendicular 
alſo, if required: For as 9o Degrees is to 


71 Feet, ſo is 47 4. to the perpendicular, 


or 43 to the Baſe required. Now having 
got this part of the Horizontal Line, you - 
muſt ger the other part by proceeding af- 
ter the ſame manner from the other ſide of 
the Hill, taking the Angles, meaſuring the 
Aſcent, and finding the Baſe as above, and 


| theſe two Baſes added together makes up 


the true Horizontal Line of the Hill or 
Mountain. 


#20. F: 3. 


To find the Level betwixt any two places, and 
whether Water may be conveyed from 4 
Spring head, to any appointed place. 


There is an Inſtrument called a Water- 
Level whereby this is beſt effected, though 
it may be alſo done by a Quadrant: For 
the Water- Level it is only a ſmall Pipe of 
Glaſs made cloſe at both ends with Wax, 

M4. and 


—_—_ — —ͤ—ñ᷑ã — — 
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and filled with Water, excepting a very 
{mall vacuity, which will ſhew it {elf in the 
middle, when it lies Level; but upon the 
leaſt leaning either way, you will find it 
move accordingly. Now this laid in a piece 
of Wood, having ſights at either end, is a 
fic Inſtrument for this purpoſe : This Wa- 
ter- Level placed at any convenient diſtance 
from the Spring-head in a right Line to- 
wards the place to which the Water is to 
be conveyed, as 50 or 100 yards, and ha- 
ving two long Staves, cauſe one of the 
Staves to be ſet up at the Spring head, the 
other let be erected as many yards beyond 

- your Inſtrument towards the place to which 
the Water is to be conveyed : Theſe Sta- 
tion Staves erected perpendicular,and your 
Water. Level preciſely horizontal, look 

| through the Sights to the firſt Staff, cau- 

| ſing a Leaf of Paper to be run up and down 

| the Staff till it be eſpied through the Sights, 

| 

| 

| 


— — — — 


there obſerve how many Feet, Inches, or 

Parts the Paper reſteth upon, which note 

in your Book : Your Water-Level re- 
maining immoveable, go to the other end 
| of it, and cauſing a paper to be moved up 
and down the other Staff as before, note 
| how many Feet, Inches, and Parts the Pa- 
per reſteth upon: Then if the ſecond Staff 
be more than the firſt, deduct the leſs from 
the greater, and the Remainder will ſhew 
1 os” 
| 


how 


3 
„ 


28 7x 
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how much the ſecond ſtaff is lower than th< 
ſirſt, and fo by making ſeveral Stations you 
may find your defire at What diſlance you 
pleaſe. 51017 1 


4 xD PROP. 4. 

\ Ahother way by the Quadrant is this, 
Firſt, go to the place whither you would 
convey your Water, and let any perſon 


ſtand toward the Spring head any Number 


of Yards; and obſerve the top of a Staffin 
his hand equal to your eye by the Quadrant: 
Note the Degrees, and to take the Height 
as before at ſeveral other Diſtances, till 
you come to the Spring-head it ſelf, and 
protracting the ſeveral Angles of Altitude 
as you took your Stations and your diſtance 
of yards upon the Ground betwixt Station 
and Station: And in concluſion, you ſhall 
have the difference of Height betwixt the 
Spring- head, and the place whereunto you 
deſire to have your Water conveyed. This 
is of excellent uſe to find whether Coals 
may be ſaugh'd or drain'd of Water. Firit, 
Boaring, or otherwiſe finding the Depth 
of the Coal from the ſurface of the Ground, 
and ſubtracting that Height from the 
height found betwixt the place above ground 
where the Coals lye, and the place whither 
you deſire to bring your Water: All Coal be» 
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ing obſerved to lay true Level, let the ſur- 
face of the Ground riſe or fall as it will, 
exceptingwhereit is extraordinarily thrown 
up or down by that which they call an 
Horſe. This therefore may be done either 
of theſe ways aforementioned, that is, either 
by the Water-Level, or Quadrant, only 
obſerve, that at every Miles end there 
ought to be allowed 41 Inches more than 
the ſtrait Level for the Currant of the 
Water, which in a ſhort diſtance is not 
_ conſiderable. | 


* 


. 
- 
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But to proceed, the whole Science of Aſtro- 


BOOR II. 


eee e 
NAVIGATION. 


r 
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CHAP. VIE 


1 Aving now finiſned what L intend to 
ſay concerning Surveying, and ta- 
king of Heights and Diſtances at 

Land, I come now to treat of that other part 

of Geometry, which is, the raking of Heights 

and Diſtances at Sea, to wit, Navigation 

And I hope this Diviſion of Geometry into 

Surveying and Navigation, and the Definiti- 

on of them to be taking of Heights and Di- 

ſtances, the one at Land, and the other at 

Sea; may not by the Candid Reader be 


thought incongruous or improper, but pro- 


per and Genuine to the preſent purpoſe for 
making them plain and obvious to the Ca- 
pacity of the meaneſt; which is the princi= 
pal aim and deſign of this {mall Treatiſe. 


nomy 
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nomy is a great Ornament and Accom- 
pliſhment to him that profeſſes Navigation ; 
but of abſolute Necellity Navigation mult 
borrow of A#ronomy the taking of Heights, 
viz, in theſe two particulars, (that is) Firſt, 
The taking of the Height, or the Meridian 
Altitude of the Sun: And thereby in the 
{econd-place to find the Height or Eleva- 
tion of the Pole: Vet this latter, in the 
{ame tenſe that it is called Latitude, ma 
be the finding or taking of a Diſfance in 
Navigation, being indeed no more but the 
Diſtance North or Sauth from the Equinoc- 
tial, or any other ſuppoſed parallel; as 
Longitude is the Diſtance Eaſt and Weſr 
from the ficſt Meridian, or any other 
ſuppoſed Meridian: And as the Rhumb lea- 
ding from one place to another may be cal - 
led the Diſtance run upon ſuch a point of 
the Compals. Now the taking theſe Heights 
and Diſtances is the Sum and Subſtance of 
the Art of Navigation. And to Treat of 
theſe particulars in order, ſhall be the me- 
thod of my intended Diſcourſe upon this 
Subject, | a 
Nou theſe may be more ſuccinctly com- 
prized in theſe four Terms, being the 
{ame which are uſed by Norwood, Hues, and 
others. To wit, e 


7 


1. The 
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1. The Difference of Latitude. 
2. The Difference of Longitude. 
3. The Rhumbs. | . 
4. The Diſtance run upon the ſaid 
Rhumb. | 


Any two of theſe being known or gi- 
ven, the other two may allo be found; 


whence obſerve, that there is a two-fold 


finding of each of theſe. Firſt, As they are 
Data, to be given or known, and to they 
are found by obſervation, Secondly, As 
they are Queſita ſought or required, ang 
ſo they are found by Trigonometry,or Arith- 
metical Calculation in the Reſolution of a 
Plain Right Angled Triangle; fo that in 
concluſion you will find that Navigation as 
well as Surveying is ſtill no more but the 
Reſolution of a Triangle: But to proceed 
Methodically : Seeing there muſt be always 
two of theſe given or known, to find the 
reſt: It will be very neceſſary to ſhew you 
how in the firſt place ch y may be found as 
Data by Obſervation ©. „ 


— > — — 
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ö 


And firſt for finding the Latitude or the Ele- 
vation of the Pole. | 


ESD Fi... 1, 


This is done by obſerving the Meridian Alti- 
tude of the Sun or Stars either by an Aſtro 
labe, Croſs-ſtaff, or Quadrant. 


How to take the Meridian (or any o- 
ther) Altitude of the Sun or Stars by the 
Croſs- ſtaff by forward.Obſervation, is the 
ſame as in the general uſe of that Inſtru- 
ment in taking of Altitudes, as is taught 
pag. 212,213: And how to take the ſame Al- 
titude by Thread and Plummet, and back- 
ward obſervation, is alſo taught particular- 
ly, pag. 212. f. 4. But the eaſieſt and rea- 
dek way to take the Meridian, (or other) 
Altitude of the Sun is, to do it by the Aſtro- 
labe or Quadrant 90 25 by that which is 
called back ward Obſer vation, and without 
through the fights - Let the Sun 


lookin 


ſhine t 2 that ſight which is next the 


Center, and bring that Beam to fall right 
upon the hole of the other fight, and the 
Thread will fall upon the true Altitude 
in the Quadrant, or inthe ſame 1 

A ER 


— 
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Index in the Aſtrolabe will cut the De- 
grees of Altitude. 


Now to find the Meridian Altitude of the Sun, 
- (though the Sun do not ſhine) may be done 
by knowing the Declination and Latitude, 


For if the Declination be North, you 
muſt add it to the Complement of the La- 
tirude, (which is always the ſame with the 
Height of the Equinoctial ) and if the 
Declination be South, you mult ſubtract 
it from the Complement of the Latitude, 
which will give you the Meridian Altitude 
at any time. As ſuppoſe at London the Ele- 
vation of the Pole (or the Latitude) is 52 4. 
the Complement whereof to go d. is 38 d. 
(which is alſo the Height of the Equinoc- 
tial.) Now the ſecond of May the Sun be- 
ing in 20 d. 42 m. of Taurus, his declina- 
tion Northwards is 117 d. 56. 21”. which 
added to 38, makes the Meridian Altitude 
of the Sun to be 55 Degrees, 56 Minutes, 
and 21 Seconds. 

If it be at che time of the Equinoctial, 
(viz. 11th of March, or the 13th of Septem- 
ber) the Height of the Sun or Star (when 
they are upon the Meridian) ſubtracted 
from go Degrees, will ſne the true Lati- 
tude; but at any other time you mult find 


out the Declination of the Sun or _— 
an 
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and if the Dane be Northerly, then, 
fubtract it from the Altitude: ff:Southerly, 
you mult add it to the Altitude; by which: 
Addition or Subtraction you ſhall have the 
Height of the Equinoctial above the Hori- 
zon, and that being fubtracted from 50 
Degrees, will ſhew the true Latitude of t 
place where you then are. 


"x 
eg: F 
$ * 


* 


* 


% PR 0 L. 2 W een 
To find the EVO 570 the Pole, 1 rhe Glebe? 


Firſſ, Taking the 1 Res Altitude or 
rhe Sun, and bring the place of the Sun in 
the Ecliptick, or the Star to the Brazen 
Meridian, and ſo move the Brazen Meri- 
dian together with the Globe through 
the:Notches it ſtands. in, till the place of? 
the Sun, or the Star be elcvated ſo many 
Degrees above the Horizon, as the Suns or 
Stars Meridian Altitude is «The Globe Rays: 
ding in "this poſition, the Pole will be ele- 
_ vated according to the true Lacitule of the 
place. Example, 20 "+ . 831) is 

The 12th of June 1 find the Suns place in 
the beginning of Canter, and the Meridi- 
an Altitude of the Sun at Lenden 5g degrees; 
bring the firſt degree of Cancer <4 the 
Meridian, and elevate the ſame 62 degrees 
above the Horizon) ſo you will find the 
Pole . ewe at London 71 Degrees, 30 

C0 nne 40 195 EUN Minutes: 


ee ger; FE $nmw wh o=+ 


P RS LEY 


BOOK II. Of Navigation. 257 


Minutes: Or by the former Rule, having 


the Suns Meridian Altitude 62, and- finding 
by the Table of the Suns Declination or 


otherwiſe, that the 12th of June the Sun 
hath his greateſt Declination, viz. 23 4. 
30 m. ſubtract this from 624. reſts 38 d. 
30 m. for the Height of the Equinoctial; 
and that again ſubtracted from 90 d. leaves 
51. 30. for the Latitude or Elevation o 
the Pole. | 

And ſeeing the finding of the Latitude by 
the Sun depends upon knowing his place 
in the Zodiack, or his Declination ; and 
if you would find the Latitude by the Stars, 
you muſt alſo know their Declinations. 
Therefore I ſhall give you two ſhort Rules 
for the two former, and a ſhort Table for 
the latter in this place, but muſt refer the 
Reader to larger Rules and Tables when I 
come to ſpeak of them in Aſtronomy. 


PROBL. 3. | 
To find the Suns place by theſe two Verſes. 


S TR CE 9 m 


Evil, attends, its, object, unvaiPd, Vice, 
RN CS 
Vain, Villains, jeſt, into, a, Paradiſe : 14 


We 24 
Theſe 12 words ſigniſie the 1 2 months he- 


ginning 
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ginning at March, and the 12 ſigns in order 
the Sun enters into every Month, and to 
know what day of the Month he enters: 
If the firſt Letter of the word proper to 
the Month be a Conſonant as Paradiſe be- 
longing to Februar), in that Month he en- 
ters the Sth day, but if it be a Vowel, (as all 
the reſt are) add ſo many days to 8, as the 
Vowel denotes in order of the 5 Vowels 
1234 which will ſhew what day of the | 
Month the Sun enters any of the 12 ſigns, 


and reckoning that the Sup goes thorough 
one Degree every day, you may find the 
Degree the Sun is in, (and by the hours of 
the day from Noon) the Minutes of that 
degree. . 


ROB Z. 4. 


To find the Suns Declination by Logarithmes, 
or the Lines of Artificial Sines, 


AS Radius or go Degrees is to the Suns 
reateſt Declination (which is always 23 
grees 30, Minutes) So is (the Number ef 
Degrees or Minutes from the next Equino- 
ctial point to the Suns place) to the Suns 
E Declination: Suppoſe the Suns place 
o degrees, or the beginning of Taurus, 
that is, 30 degrees from the next * 
| ctia 
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ctial point of Aries, his Declination will 
be found to be 11 d. 30 m. for as 90 to 23, 
30, lo 30 to 11, 30, the like Proportion 
will hold in any other, 


 PRO'BL. 5. 
To find the Declination of ſome notable Stars, 
obſerve this Table. 1 


North 


The firit Harte Id the$7] 27]5pica Virginis, i ; 
The third'ia the wan. 51 5 ſh | 
Arcturus. 21e Heart ofScorpion. 
The Eagle. 7/$7JOrionsrightſhoul- 
[The Bulls Eye. 15/34 der. 
Caſtor. | 32039 Ortons left foot. 
Pollux. 28130 ſhe great Dog. 
The Lyons Heart. 1; 4© The little Dog. 
Theſe ſtars have N Theſe have SoutÞ| 
| Declination. : t | Declinations. \ 
Thus much for Latitude. 
"ROK. 


In the next place, for finding the Longitude. 


If the Longitude could be as certainly 
found as the Latitude, ir would render 
Navigation perfect ; but notwithſtanding 
that many have pretended thereunto, yet 

| none 


— — 
* 
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none have attained to it in reality as far as 
Lcan yet find: Theater in his Planiſphere, 
which he calls a light to the Longitude, 
tells you he can by that Inſtrument as 
certainly do it, as to find the Riſing, Set- 
ting, and Southing of the Stars, but if he 
can, he does very ill expreſs it, and ] muſt 
conclude, that, aliquid later, quod nen patet, 
and perhaps he might keep a relerve to 
himſelf on purpoſe. 

The moſt Rational ways of fincing the 
Longitude which I meet with are theſe 4, 
Collected out of Yarenins, and Carpenters 
eps: ²˙ . 
7 XO L. 1. 

Firſt, By an Eclipſe of the Moon. 


By obſerving how much ſooner the eclipſe 


. at a place of known Longitude, 
- 


ich you may find by an Ephemerides) 
than at the place where you are; where 
yu may find the time of the Eclipſe by ob- 
ervation with the Teleſcope, and know- 
ing the Latitude at the ſame time by the. 
Stars, you may find the true hour of the 
Night. This done, the difference of this 
time of the Moons entrance into the Eclipſe, 
or the middle or ending of the ſame at 


$ the place where your oblervatioh was made, 


= 


being 
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being converted into Degrees and Minutes, 
and either added or ſubtracted from the 
hour of the beginning, middle, or end-of 
the Eclipſe at the other place of known 
Longitude found by the Ephemerides : 1 
{ay the Degrees and Minutes of the diffe- 
rence berwixt the hour at one place, and 
the hour at the other place added or ſub- 
tracted from the Degrees and Minutes of 
the known Longitude, gives you the Lon- 
gitude of the place required. 


D RO L. 2. J | 
; By a Clock; Watch, or Hour-glaſs. 


If you have a very true Watch, and be 
to ſail from a place of known Longitude, 
when you depart from that place, by an 
' Aſtrolabe, or otherwiſe by the Sun or Stars, 
obſerve the hour of the day or night, and 
ſet your Watch exactly to the lame hour, 
when you have a mind to know what Lon- 
gitude you are in, obſerve again by the 
Aſtrolabe, or otherwiſe the exact hour; 
and if the Watch agree with the obſerva- 
tion, there is no difference of Longitude; 
or what difference betwixt theſe two you 
find added or ſubtracted to or from the 

Longitude of the place you came from, 
ſhews the Longitude of the place you are 
| a ao 


— 


— 
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now at: This way you ſee depends upon 
the exact taking the hour at both places, 
and upon the exactneſs of the Watch; 
therefore in this latter reſpect an Hour- 
glaſs is accounted fitter for Sea. 


R OBI. 3. 


Thirdly, by obſe ervation of the Difference in 
the Sun and Moons motion, | ' 


— * 


Firſt, You muſt take for granted, that 
the Motion of the Moon is 48 minutes of 
an hour ſlower in 24 Hours, or 360 Degrees 
than that of the Sun. Secondly, You muſt 


ſuppoſe, that by Mathematical helps a Man 


may know in any place the Meridian, (or 
South point) and alſo the hour of the day, 
and at leaſt by an Ephemerides the time of 
the Moons coming to the South, or to the 
Meridian. Now ſuppoſe at London you find 
(by an Ephemerides calculated for that 


place) that the Moon comes to the Meridi- 


an (on ſome ſet day) at four a Clock after 
Noon: And you being in the Ve fi-Indies 
the ſame day you obſerve the Moon come 
to the Meridian at 10 Minutes after four: 
Then ſay by the Rule of Proportion, if the 
difference of the Sun and Moons motion be 
48 Minutes of an hour in 360 Degrees, 
what will it be in 10 Minutes: Or if 48 give 
| 360, 


. 
1 
7 
3 
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360, what gives 10.? T he fourth ” 
tional Number will be 75, which r 
ſtance of that place from London, from 
which number the Longitude of London be- 
ing ſubtracted (20 degrees) and the Re- 
mainder (5 * again ſubtracted from 360, the 
Reſidue will ſhew the Longitude (305.) 


PROBL. 4. 
By the Diſtance betwixt the Moon, and ſome 


known otar ſcituate near the Ecliptick. 


But this, and ſeveral other ways men- 
tioned in F arenius as by the Moons place, 
her entrance into the Ecliptick, & per Pla- 
netas Foviales, I ſhall not trouble the Rea- 


der with, but refer him to the Author, 


18, 420, 421, and paſs on. Now the Dif- 
erence of Latitude, or the difference of 
Longitude, is ſo many Degrees, Minutes, 


or Miles as the Latitude or Longitude of 
one place differs from the Latitude or Lon- 
girude of another place, the Latitude or 


ngitude being obſerved or known at both 
places; as knowing the Latitude of the 
lace from whence you et Sail, and having 
iled a certain number of Leagues, there 
you take an obſervation of the Latitude as 
15 before-mentioned : Now if both the pla- 
ees be on the North-ſide the Equinoctial, or 
on 


Which in plain Engliſh'is the point of 
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on the ſouth-fide the ſame ſubtract the leſ- 


ſer latitude from the greater, the remain-- | 


der is the difference of Latitude : If one of 
the places be under the Equinoctial,and the 


other on the North or South fide thereof, 


the difference of Latitude is the Latitude it 
ſelf. If one of the places be on this ſide 
the Equinoctial, and the other on the other 
ſide, the Sum of both the Latitudes added 
together is the difference of Latitude, or 
the Diſtance North and South betwixt the 
two places; and if the Longitude could be 
as exactly found, it would ſhew their Di- 
ſtance Eaſt and Weſt: However the diffe- 


rence of Longitude is the Diſtance of any 


place upon the Line of Eaſt and Weſt from 
the Meridian of any other place propoſed, 
but becauſe this cannot certainly be found 


or however not without much difficulty by 


obſervation it is ſeldom given, but requi- 
red in Trigonometry, and found by the Re- 
ſolution of a Triangle, as ſhall be ſhewed 
hereafcer in its due place, and ſo much for 
the two former particufars, the Difference 
of Latitude and Longirude. | 


| 44.4448 E CT. 3. | | 
In the third place we come to ſpeak of the third 
conſiderable in Navigation, vi. the Rhumb. 


the 
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the Compaſs upon which the Ship fails, 
and this 1s uſually one of the Data's, or 
things given, becauſe the Seaman's Com- 
pals by which ir is directed or ſteered al- 


ways ſhews this. The finding out of that 


molt admifable vertue of the Magnet, being 
the greateſt advantage that ever hapned to 
Navigatidn : Indeed the difficulty lies in 
this, that the Needle touched by the Load- 
ſtone in ſeveral places admits of ſeveral 
Variations, which muſt be carefully obſer- 
ved and taken notice of + 


Nenn 4. 
To find this Variation of the Needle or Compaſs. 


There are ſeveral ways, as by the Azi- 

muth Compaſs, and by the Sea- Rings de- 

ſcribed by Mr. Night; but theſe are charge- 

able. I ſhall in this place only ſhew you 

how to doit theſe three ways, the one at 

1 the other will ſerve both at gea aud 
and. 


I. To find the Variation of the Compaſs, and 
wit hal a true Meridian Line. 


Firſt, Deſcribe ſeveral Circles upon a 
Plain, and in the Center place a Gnomon or 
Wire perpendicular as AB. In the Fore- 

a 3 noon 
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noon obterve when the Extremity of the 
- thagow of AB juſt touches one of the ſaid | 
Circles, and make there a mark at C. In 
the Afternoon obſerve again, when the 
cxtremity of the ſhadow of AB. toucheth 
the ſame Circle, making there another 
mark at D. Divide the Diſtance CD in- 
to 2 equal parts, which ſuppoſe at E, draw | 
the Line EAF, which is the Meridian Line: 
Then place a Needle GH upon the Center, 
and mark how many degrees the point of i * 


the Needle G is from E, ſo much doth the 
Needle vary from the North in that place. k 
II. To find the Variation of the Needle by the Is 


- Globe either at Sea or Land. ” 
| ' * tt 2 | | | . | | 
Rectifie the Globe, and bring the 


Suns 
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a Suns place to the Eaſt- ſide of the H6rizon, 
and look in the Circle of Winds, and a- 
gainſt che place of the Sun you have the 
point of the Compaſs upon which the Sun 
ri{eth : Then obſerve by the Compaſs what 
point of the Compals the Sun riſeth or ſets 
on Morning or Evening, and ſee what diffe- 
rence there is by the Globe and by the 
Compaſs, and that is the Variation (if any 
be.) Allowing for this variation, the 
Needle will always ſnheir the Rhumb, on 
the true point of the Compaſs upon w hicli 
the Ship is ſteei᷑ d. 6 num gre 2128 


220 2350 ; 1150 8 Dinh 
III. To find the Suns Amplitude; and theres 
by abe d ariation of: ib C , 1in 2.4 
zu S177 nennen O01 22268] cor be: 
| As the Co-hne of the Litirude is ta- 
dius, ſo is the ſine of tha Declination zbthe 
fine of the Amplitude Suppoſe the atitudo 
51d. An. its Ca. ſine or: Complement is 
38 '44.,28:8.5 the guns Declination 1 d. 
om the Amplitude will becfo und t6 be 
of 2445222. Narth, becauſe che- Declina⸗ 
tion is North. Mo the Circumference:of 
the, Compaſs divided intd 360 d. obſerve at 
the Suns riſing and ſetting how many de- 
grees the Sun :is fromthe: direct point of 
the Amplitude, and {ov much doth the Nees 
dle vary in that place. This Obſervation 
is beſt to en rg 3 
ia 2 0 
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of the Sun ſeems juſt to touch the Horizon. 


Se Ye - 


Tn the fifth and laſt place, to find the Di- 


ſtance Run, 


This is to know what way the Ship 
makes in ſuch a {pace of time, or how ma- 
ny Leagues or Miles the Ship runs in an 
hour, &c. And this is uſually obſerved by the 
Kog · Line and Minute-Glats; fo many knots 
as the Ship runs in half a Minute, ſo many 
Miles ſhe ſaileth in an hour; the ſpace be- 
eween every knot being 41 ; Feet, rec- 
koning 12 Inches to a Foot, 5 Foot to a Pace, 
and 1000 Paces to an Exgliſb Mile : But 
enlarging the Mile according to Mr. Nor- 


wood's Obſervation, the diſtance between | 


many of thoſe as run out in half a Minute, 


ſo many Miles or Minutes the Ship fails in 
. an hour, and for every Foot more the 


every knot muit be 50 Foot, and then as | l 


tenth part of a Mile: And if you pleaſe, | 


you may bring theſe Miles into Leagues ac- 


.cording to the uſual Cuſtom of deamen; | 


and every time the Log is caſt, it ought to 


be noted upon the Log - board what way the 
Ship makes. Now beſides the Log-line, 


1 
5 


* 


there hath been ſeveral other Engines in- 


vente, ſome with Wheels, and ſome; 1 


— — 
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other ways for this put pole; as I have ſeen a 
wheel to mealure Land withal, and may be 
applyed to know how many Miles a Coach 
goes in an hour, or the like. And for to 
meaſure any ſmall quantity of time, I find 
no better an Invention than that of a Swing 
(being proved by Experience) that a Bullet 
Cc. hung in a tiring, and being moved from 
the perpendicular to any Angle (keeping 
the ſtring ſtrait) and ſo let go to have its 


Z own Swing, will keep ſuch exact time in 


its [winging, that though it fetch a larger 
Compaſs at firſt than afterwards, yet it 
keeps the very ſame time in 8 Swing, 
only the length of the ſtring is the thing 
that alters the time; and therefore if you 
would have it go faſter or ſlower, you 
muſt make your ſiting ſhorter or longer: 
As a firing of 38 + Inches long, (meaſuring 
from the Center of the Plummer) will ex- 


3 actly make co ſwings. in a Minute of an 
hour, and ſo proportionably if you would 
have fewer ſwings in the time, you muſt 


lengthen the ſtring, or if more, you muſt 
ſhorten it. This is meant when the ſtring 
is failned to ſomething in the top of a 
Room, or ſo: But if you hold it in your 
hand, it is obſerved that 31 1 Inches in 
lengch will do the ſame as 38 1 faſtned to 
any ſteddy thing. This may very proper- 


in be uſed inſtead of the half-Minute-glaſs 
aboard a Ship. 3 SECT. 
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3 y E., Cn. 6. 

Thus you ſee how you may find by obſer- 
vation, the Latitude and Longitude, the 
Rhumb, and the Diſtance run any two of 


which being known (by reaſon of the Right 


Angle, which is alſo always known :) The 
gther two may be eaſily found by Trigo- 
vometry, or the Reſolution of a Plain Right 
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Angled Triangle, as vou may ſee in the IF 
Triangle ABC: The Hypothenuſe always 
repreſenting the Diſtance run AB, the An- 
gle at the North point «A reprefents the, 
13 | | -  Rhumb 


w ns 
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humb which (in the Triangle DAC is 
North-Weſt and by North :) in the Trian- 
ole BAC -is North-Weſt : The Baſe BC is 
the difference of Longitude or Departure 
from che Meridian; the perpendicular AC 
is the Difference of Latitude, and the An- 
gle at C you ſee is a Right Angle; and the 
Angle at B ſhould be the complement of 
the Rhumb. © 82 * 
Now the Tranſmutation of the things 
to be granted or known, and to be en- 
quired after in theſe four Terms, (viz the 
Difference of Latitude, the difference of 
Longitude, the Rhumb, and the Diſtance 
run) may be propoſed fix manner of ways, 
and every Propoſition, fefolved by rhe Re- 
ſolution of this plain-Right- Angled” Tri- 
angle, as follows in Sailing by the Plain 
Chart, Gio VE ad 721 AA vl 


* , 


PROP. 1. 


The Difference of Latitude AC and Dif- 
ference of Longitude BC being known, The 
Rhumb and Diſtance, z. e. the Angle A, and 
the Hypothenuſe AB may be found. - 


This is the fame as having two ſides and 
a Right Angle betwixt them, to find the 
other two Angles, and the third fide, as is 
taught pag. 137. Or by Protraction, thus, 

N Fir, 


—— 
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Firſt, lay down the Baſe 90 Miles, being 
the difference of Longitude BC, and upon 
the point C protract an Angle of 90 d. lay- 
ing down the perpendicular 87 AC, being 


the difference of Latitude, and to touch 


the ends or extremities of both theſe draw 
the Hy pothenuſe or Diſtance run 126 AB, 
10 ſhall che Angle at A be the Rhumb 45 4. 


vide pag. 132. 


555 2. 


The Difference of Lopgitude BC, and | 


the Rhumb A being known; the difference 
of Latitude, fide AC, and the Diſtance run, 
s. AB may be found. | 


This is tke ſame, as to have 2 Anples 
and a fide given, to find the other two F 


ſides : which is done by the general Rule, 
pag. 141. For as the Angle at A, which re- 
preſents the Rhumb 45 is to the Baſe BC o 
Miles, ſo is the Right Angle ar C904. to 
the Diſtance s. AB 126 Miles, and ſo is the 
Complement of the Rhumb, viz. 45 at the 
Angle B to the perpendicular or difference 
of Latitude 87 Miles AC, either to be 
wrought by Logarithmes, pag. 31. or by 
the Lines of Numbers; Sines, and Tan- 

| gents, 
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gents, pag. 41. or by Protraction, pag. 132. 
to which places I refer the Reader. | 


FEOS 3 


The difference of Longitude BC,- and 
the Diſtance run . AB, being known. 

The Difference of Latirude s. AC, and 
the Rhumb Angle A may be found. 


Suppoſing the Right Angle at C 90 4. to 
be known with the other 2 ſides BC and 
AB. This is the ſame, as way two ſides 
and an Angle oppotite to one of them, to 
find the other Angle oppoſite to the other 
ſide given, and the third fide. Therefore 
by the Rule of 3 fay, as 90, or Radius is to 
s. AB 126, ſo is the s, BC 99 Miles to the 


Angle A454, 
PROP. 4. 


The Difference of the Latitude AC, and 
the Rhumb, the Angle at A being known. 

The difference of Longitude BC, and 
the Diſtance run 5.'AB, may be found. 


In this Propoſition ( ſuppoſing the Ri tt 
Angle alſo given) you have all the OA 


_ Angles given, the third Angle being the 


N 5 Om 
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Complement of the Rhumb to 90, vr 544. 
Therefore ſay by the Rule of Proportion, 
As the Complement of the Angle at A, v:z. 
the Angle B 45 d. is to thes AC, 0 is 
the Rhumb or Angle atA 45 d. to the 5, BC, 
and fo is Ragius or 90 d. to the 5. AB. 


PROP. 5. 


The Difference of the Latitude AC, and 
the Diſtarce run AB, with the Right An- 
gle C being known, 4 

The Rhumb A, and Difference of Longi- | 
rude BC, may be found. 


This is to have two ſides and an Angle 
oppoſite to one of them given, to find the 
Reſt, as in Prop. 3. As the Angle Cis to 
FA AB, ſo is . AC to the Angle B, and ſo 


is its Complement A tos. BC, which Com- 


plement is the Rhumb, and the fide BC is |: 
the difference of Longitude required, | 


PROP; 6. : 1 


The Rhumb, Angle at A, and the Di- 
ſtance run AB, with the Right Angle being 
known, 

The Difference of Longitude BC, and 
Difference of Latitude AC may be found. 


5 | This 


% 
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This Propoſition is of all-other the moſt 
uſeful, theſe being the niolt uſual Data s 10 
find the other; moit Seamen Keeping an 
Account only of the Rhumb or Point of the 
Compaſs fait'd upov; and the Diſtance run 
by often caſting the Log- line. 

And it is the ſams aahaving 2 Angies and 
a ſide oppoſite to one of them given, to find 
the reſt of the Triangle, as Prop. 2, 3, 55 
therefore by the Rule of Proportion, tay, 
As the Angle C go d. is to . AB the di- 
ſtance run, to is the Rhumb or Angle A to 
the g. BY theDifference of Longitude, and ſo 
is che Complement of the Rhumb to go, dix. 
Angle B io s. AC the difference of Lati- 
tude. ln this Propoſition, as allo in auy 
other, where the Rhumb is given, as Pyop. 
2, 4. Having the Rhumb given, and the 
Right Angle, you have allo the thitd An- 
gle gien, being the Complement of the. 
Rhumb to go, which makss it veryeaſie to. 
be relgived. Andi thus yebflee thele Pra- 
poſitions of F lain Saiſing, (ot if there can! 
be mote Trag mutatiobmof theſe ꝙ prinei- 
pal Fermsan:1/avjpationh may all be reſol- 
ved by Trigenometty: So that hence youwill 
clearly diſcern, chat} nat only; Sin veying, 
but Nauigation alſo is performed by the 
Reſolution of a Triangle, abd chadonlxa 
Plain Triangle; andl Navigation (altoge>: 
ther) and Sar veyingiforethe oſt part, by a. 

2219 ; Right 


is 
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Right Angled Plain Triangle only : where- 


by the eaſineſs of both, and the excellency 
of Trigonometry do molt manifeſtiy appear. 


6. 
A Travis. 


What hath hitherto been ſpoken con- 
cerning Navigation, reſpects only a direct 
fingle Courſe where a Man needs not La- 
vere, or change his courle at all ; and for a 
Travis it is the ſame thing only wrought by 
io many more Triangles, every time you 
change your courle conſtitutes a new Tri- 
angle, as by the following Example. 

As ſuppole, I ſetout from Sommars Iſland, 
lying in the Latitude of 32 d. 20 m. North 
Latitude, and Sail SE 40 Leagues; from 
thence I Sail SSE, till I alter my Latitude 
one Degree; and from thence upon ſome 
point between North and Eaſt I Sail 40 
Leagues, till I alter my Laticude one De- 
gree, 45 m. I demand what Latitude Tam 
in; my diſtance from the place whence 1 
|| fer Sail: My departure from my firſt Me- 

J ridian, likewiſe my Courle made good: 

When all this is done and protracted, the 

difference of Latitude is AR, reckoning 

20 Leagues, or 60 Miles to a Degree, is 21 

Leagues, or 63 Miles; and therefore in de- 

ih = : | grees 
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rees, 1 d. 3 m. which becauſe it is Souther- 

ly, ſubſtract from your firſt Latitude, (if 

it had been Northerly, you mult have ad- 
ded it thereunto.) And that is your pre- 


ſent Latitude. 


A 


*.4 


had gone directly ſtreight)is AF 70 Leagues. 
taken from the ſame Scale of equal parts, 
as ACor EF was taken. 
Thirdly, The Departure from the Me- 
ridian is RF 679. oy 
Fourthly, The point of the Compaſs that 
the Ship lies now from Sommars Iſland, is 


from H to F, viz. ESE half a point Eaſterly. {| 


PROBL. 


| Secondly, The diſtance run (as if you | 
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Sailing away WSW. ſee a point of Land 
which I find to bear from me BN, and ha- 
ving Sailed 6 Leagues further I find it bears 
from me NWBW, I would know howgfar 
ir anmantfrom me Tal ITT) 
is is done in Plain Sailing after the 
ſame mayner as to fake an inacceſſible, di- 
ſtance at 2 Stations at Lana; as in pagy T97. 
„ 422 - 


* 1 
4. WP, - — 


Atrchint Man being in the Latitude 
of 43 4. falls ok the hands of Pyrates, 


who amongit ofher things take Tay 
his Sea-Compajs, hut when he is got- 
ten clear, he fan awah as directly as he 
can, and afref-f#&+ days mects with a Man 
of War, who alſo kad bet the day before in 
the Latitude of 43 d. and had Sailed thence 
SEBS, 37. Leagues. He boi ſirous. to 
find thi ytakes, the Neschen Man ele 
him he left them lying to and fro- where. 
they took him, and he. had Sai led fince at 
leaſt 64 Leagues between the South and 
Weſt, what Courſe ſhall” the M , of War, 
- ſhape to find theſe Pirgres, 1 1 
This is done much after the fame manner 
as the former, ſuppole AE abe Nel of 
r 43 4. 


TR. © 
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434. D the place where the Ships meet, 
the Angle at E, the Rhumb upon which the 


. 


711 ; | at; a | 
Man of War Sailed SEPS 33 4. 45 m. DE 
his diſtance 37 Leagues, AD the diiiance 
Sail'd by the Merchant Man. Now by hefe 
you are to find the Angle A,which you will 


ind 20 d. within 3 point of $$W,, 40 hajh 
the Merchant Man failed,;and therefore cb 
Man of War muſt Sail, NNE, within 4 
point of the Compaſs. 5 

1 might add many more ſuch like as you 
find them in Nor woods Epitomy, to which 
I refer the Reader; done after the manner 
of Plain Sailing, ſuppoſing the Degrees of 
Longitude and Latitude are both equal. 
Ibis Travis, as alſo the eight former 


Propoſitions are all wrought by that way,of 


Sailtng, . which we call Plain Sailing, or 
Sailing by the PläinChart, which is very.eaſie 
and alto exatenough for ſhort Diſtances, 
and near the Equinoctial; in other Voyages 

. it 
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it is ſubject to Error, as ſuppoſing the De- 
grees of Longitude to be the ſame in every 
parallel of Laticude; or that the Degrees 
th of Longitude and Latitude are the 
ſame all the world over, which is a grand 
Miſtake, as Mr. Wright makes it appear in 
his Errors of Navigation, and withal hath 
found a Remedy for it, by drawirg a true 
Sea-Chart by the Meridian-Line, which he 
calls Mercators Ch irt, being according to 
Mercators Projection. | | 
The Difference between Sailing by the 
Plain Chart, and Sailing by Mercators Chart; 
that is, the Difference betwixt keeping an 
account either by the one, or by the other, 
conſiſts in theſe particulars. | 
Firſt, In the Plain Chart both the Meri- 
dians and Parallels, or (in plain Terms) 
the Degrees of Longitude and Latitude, 
are all equal, and meaſured by the ſame Scale 
of equal Parts, and therefore by conſe- 
uence the Diſtance muſt be alſo meaſured 
by the ſame Scale, and ſo all the three ſides. 
of any Plain Right Angled Triangle re- 
preſenting theſe, viz. The Baſe, the Per- 
pendicular, and the Hypothenuſe are all 
meaſured by one and the tame Line of equal 
Parts. 
But finding this way, vix. by the Plains 
Chart very erraneous,being grounded upon 
Soy 1 pt errone+ 
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erroneous principles, as is ſhewed by Mr. 
Wright in his errors. of Navigation, as allo 
by Leyburn in his ninth Geometrical Exer- 
ciſe. The Projection of the Mercators Chart, 
and keeping a reckoning at Sea by that, 
diſcovers the true Longitude, Latitude, and 
Diſtance moſt exactly. For the Meridians 
being great Circles of the Globe are al- 
ways equal, and the Degrees of Latitude 
meaſured thereupon are alſo equal: 

But the Parallels (ro the Equinoctial) are 
all leſſer Circles of the Globe, and towards 
either Pole always grow leſſer and leſſer, 
(as may moſt evidently appear by the 
Globe it ſelf if you pleaſe to caſt your 
eye upon it:) And therefore the Degrees of 
Longitude which are meaſured upon theſe 
Parallels do differ in every Latitude: 
Therefore one fide of Mercators Chart is the 
Meridian Line of unequal Parts, and the 
other ſide is a Line or Scale of equal Parts 
only: Upon the Meridian Line of the Char: 
is meaſured the Difference of Latitudes, 
and the Diſtance upon the Rhumb, The 
Difference of Longitude is meaſured upon 
the Equinoctial Line, or Line of equal 
Parts: And in Frigonometry, becauſe the 
ſides of all Triangles oughr to be brought 
to the ſame proportional parts one with 


another, that is the meaning of Meridio- 
nal 
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nal Parts; for inſtead of the une qual Parts 
of the Meridian Line, you take the equal 
parts of the Line of Lines anſwering there- 
unto: Now how to find; theſe Mexidional 
Parts in reference to the Eatitude you have 
plainty ſet down, pag,.283. The fame Rules 
will allo ſerve for the Diſtance between 
any two places, provided that taking the 
fame Diſtance in your Compaſſes, you ler 
one Foot of your Compaſſes as much below 
the leſſer Latitude; as the other above the 
greater Latitude. v0 10 2510s le 
Then by the former Rules, pag. 283, 
find the Meridional Parts anſwering to the 
Degrees on the Meridian Line intercepted 
betwixt the feet of the Compaſſes, and 
thoſe are the Meridional Parts anſwering to 
the Diitance, upon the Rhumb, and to be 
uſed inſtead thereof. | | 

So that you ſee in ſhort, the difference be- 
twixt Sailing by the Plain Chart, and Merca- 
tors Ohart, which differ in this, and this only, 
That inale Plain Chart both the difference 
of Longitude aud Latitude, as alſo the di- 
ſtance are all meaſured by the ſame Scale of 
equal parts; but in Mercators Chart the dif- 
ference of Longitude only is meaſured upon 
the ſcale of equal parts, and the difference of 
Latitude & diſtance muß be always mealu- 
red upon, and taken out ofthe Meridian Line 
of the Chart: And when either the es et” 

0 


" 2, 
210197 


BOOK II. Of Navigation. 283 
of Latitude or the diſtance is oppoſed in 
proportion to the Longitude, inſtead of the 
Degrees of the Meridian Line you muſt 
ute the Meridional Parts anſwering there- 
unto, which by moſt are called the Meri- 
dional Diſtance, or Meridional difference 
of Latitude; but by Mr. Leyburn in his 
Geometrical Exerciſes, pag. 18. They are 
called the proper diſtance, and the proper 
difference, which 1 ſhall retain in ſome of 
theſe following Problems taken out of the 
ſame Author. ei e vi} en ne 


in 

In Gunters Sector the Meridional Line being 
placed on the ſame ſide with the Line L 
Lines, yon may thereby eaſily find theſe 
Meridional Parts by theſe Rules, 


1. If you would know the difference of 
Latitude in Meridional parts betwixt two 
places, the one lying under the Equinocti- 
al, (as the River of Amazones) the other 
in 50 degrees of North Latitude, ſuppoſe 
(the Lizard). Look for 50 on the Meridi- 
an Line, and right againſt it on the Line 
of Lines you find 57 d. 54 m. or in decimal 
parts of a degree, 57 d. 532, and theſe are 
the Meridional Paris required. 2 

2. If both the places have Northerly or 
Southerly Latitude, as ſupppoſe one in 304. 
the other in 50 d. Extend your Compaſſes 
from 
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from one of the Latitudes to the other, as 
from 30 4. to 50 on the Meridian-Line. 
The fame Extent will reach from the be- 
ginning of the Line of Lines to 26 d. 26 m. 
which is the Meridional parts required. 

3. When one of the places hath South- 
Latitude, and the other North, as ſuppoſe 
10 d. South, and the other 30 North. The 
Extent from the beginning of the Meridi- 
an Line to 10 degrees ſhall reach from 
30 d. on the Meridian Line, to 41 d. 31 m. 
on the Line of Lines or equal parts, which 
are the Meridional Parts required. 


Knowing then how to find theſe Meri- 
dional parts, note that the difference of 
Latitude in theſe is called the Meridional 
difference of Latitude, and the true diffe- 
rence of Latitude is that which is found by 
ſubſtracting the leſſer Latitude out of the 
greater, the Remainder is the true Latitude. 
This being premiſed, I ſhall now proceed 
to theſe ſeveral Propoſitions. 


rei. 
The difference of Latitude, and diffe- 


rence of Longirude being given or known, 
to find the Rhumb. 


As the difference in Latitude is-to the 
diffe- 


K as A OA; oo. , 2, 
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difference in Longitude, ſo is the Tangent 
of 45 to the Tangent of the Rhumb. 

Suppole the two places be the Lyzard in 
5o degrees North, the other St. Chriſtopher. 
in 15 4. 30 m. the proper difference of La- 
titude is 42 ; 33, and the difference of Lon- 
gitude 68 d. 50 m. Therefore the Extent 
on the Line of Numbers from 42735 to 
68 d. 50 m. ſhall reach the ſame way from 
the Tangent of 45, to the Tangent of 58 d. 
26 m. which is the Rhumb leading betwixt 
thoſe 2 places. | 


F036 3, 


The Difference of Latitude avd the 
Rhumb given, to find the difference of Lon- 
gitude. 


As Radius, or the Tangent of 45 to the 
Tangent of the Rhumb, ſo is the proper 
difference of the Latitude to the difference 
of Longitude. 


FROWE 5 


By one Latitude, the difference of Lon- 
gitude and the Rhumb given, to find the 
other Latitude. | 

As the Radius is to the Co-Tangent of 
the Rhumb from the Meridian, fo A 4 

&- 
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differences of Longitude to the proper diffe- 
rence of Latitude. 


7 E OT. 3 


Having che Latitude of one place (50d 
and the Rhumb (33 4. 45 m.) leading from 
that place to another unknown; and the 
diſtance upon the Rhumb from the firſt place 
to the ſecond, (6 d.) To find the AT Wes 
of Longitude (58 d.) 

As the Radius is to the fine of theRhuotb 
from the Meridian, ſo is the proper diſtance 
upon the Khumb to the difference of Longi- 
tude. 


, 
| 11! ©. g | . 
| P;rR,O * L. 

LEO 3.5 P4387 0 g. | 


The difference of Longitude, one Lati- 
tude and the Rhumb given, to nd the di- 
ſtance. 

As the Sine of the Rhumb i is to: * die. 
rence of Longitude, ſo is on Radius to the 
proper diltance, 


PROBL. 6. 


b f 


17 


Difference of. Longitude, and diſtance 
with the Latitude of one of the places gi- 
ven, to find the Rhumb that leads from 


As 


one to the other. 


— — —ẽ 
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e- 4s che proper diſtauce is to the diffe- 


ence of Longitude, ſo is Radius t to the 
ine Nr the Rumb. | 


ot tu PROD I. . 21: on 
21 The Longhtwide and} ene ** 0 
ie places being given, to find che diſtance and 
co Rhumb. | 
ce As the proper difference of Latitude i 8 
to the Radivs;to is the difference of I. 
tb ̃tude to the Tangent of the Rhumb from the 
ce Meridian :And as the Sine of the Rhumb is 
i- co the difference of Longitude, ſo is the 
Radius to the rope weg 


PROBL. 8. 


1 The ues of Watz and 25 41 
i- Iſtance upon the Rhumb given, to find the 
difference of Longitude, 

- | As the proper diſtance is to Radius, oi is 
e the proper difference of Latitudes to the 
Co- ſine of the Rhumb from the Meridian: 
And ſo is the Sine of the Rhumb from the 
Meridian to the difference of Longitude. 


e * 0 L 


n The Difference e of two o pla- 


des, their Diſtance upon the Rhumb, and the 
Latitnde 


— z 


_—— 
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Latitude of one of the places being given, 
to find the Difference of Latitudes. 

As the proper diſtance is to the Radius, ſo 
is the difference of Longitude to the inclina- 
tion of the Rhumb to the Meridian: And o 
is Co- ſine of the Rhumb to the diſſerence of 


Latitudes. 
10. 


one Latitude, Diſtance and Rhumb, to 
find the other Latitude. 1 

As Sine 90, or Radius is to the Coſine of 
the Rhumb, to is the diſtance to the true 
difference of Latitude. 

I ſhall now proceed to ſhew you Mr. 
Philips's way of drawing a Mercaters Chart, 
and how to meaſure both Longitude, Lati- 
tude, and Diſtance thereupon, and ts keep 
an account of a Voyage thereby, as is per- 
formed by him in his Geometrical Seaman, 
which I recommend as a Book of very ex- 
cellent uſe to Seamen, and ſuch as deſire to 
be more at large informed in all the parti- 
culars concerning Navigation, in all the 
three kinds: Of Sailing by the Plain Chart, 
Mercators Chart, or by the Arch of a great 
Circle. I ſhall in this place content my ſelf 
only to Epitomize the Uſe and Figure of his 


Mercators Chart, as follows. 


Know- 


PR 


w 


or 5 WW. v 


2 
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Knowing the Longitude and Latitude of two 
places, to ſer them upon the Chart, and to 
find the Khnmb leading from one of the pla- 
ces to the other, 


Suppoſe Summers Iſland, whoſe Longi- 
tude 15 509, and Latirnde 32 d. 25 m. the 
exact place to ſet that down in the Chart is 
at S. Then ſuppoſe you would fer down 
the Lyzard, whote Longitude ſuppoſe 10 4. 
and Latitude 530, the exact place for that 
is at L. Then drawa itreighr Line from 
$ to L, and that is the Diſtance ; and the 
Angle which it makes with the Meridian 
of S, is the Rumb which leads from one of 
the ptaces to the other, which meaſured 
in your Scale of Rumbs, you will find 71 4. 


21 m. or the ſixth Rumb, and ſomething 


above a Quarter, which is ENE more than 
4 Falterly. - 


To find the Difference of Latitude, and the 


difference of Longitude, and to Meaſure 
the Dil ance. 


Firſt, For the Difference of Latitude, 
you {ee it is from 32 4. 30 m. to 524. 
which is 17 d. 30 m. The difference of 
Longitude is 70 d. To meaſure the di- 
ſtance upon the Rumb betwixt S and L, do 


thus, Firſt, Divide the diſtance that is in 


2 tnæ 


— — — —— ↄ ——̃ ̃ — — — 


290 Of Nevigation. BOOK II. 
the Meridian Line between the two Lati- 


rudes into two equal parts, which in this 
Example will fail at 42 Degrees, Then 


Of 17 Wet 4 — . 5 
* belated 
| 
. 
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| ; * No 
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The Equinoctial Line. 


take with your Compaſſes half the length 
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bor the Line LS which is LM, and with that 
diſtance ſet one foot of your Compaſſes in 
2, the middle point betwixt the two La- 
titudes, you will find the other foot will 
reach downwards to 8 d. 30 m. and up- 
wards to 63 d. 30 m The Degrees in the 
Meridian Line betwixt theſe 2 points are 
55 degrees, which is 1100 Leagues, and 
A this is the true diſtance upon the Rhumb* 
betwixt S and L. | 


To Meaſure 4 Parallel Diſtance between t- 
places, © - 


Suppole the places to be L and T both in 
the Latitude of 50 degrees, their difference 
of Longitude being 70, divide the diftance 

betwixt L and T into à equal parts whick 
is at Q, Take L Qin your Compaſſes, and 
ſetting one foot in 50 Degrees of the Meri- 
dian Line, or the degrees of Latitude, che 
other foot will reach downwards to 22 d. 
30 m. and upwards to 67 d. 30 m. and if 
you count the degrees intercepted between 
W theſe two points, you will find them 45 4. 
wich multiplyed by 20, gives the diſtance 
between theſe t WV places goo Leagues. 
If two places differ only in Latitude 
and lye under the ſame Meridian : The De- 
grees between them upon the Meridian 
Lins gives the Degrees, which multiplyed 
i 1 by 
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1 by 20 bring them into Leagues, or by 60 
A mto Engliſh Miles. | 
I Having Sailed from the Lyzard about the 
3 Diſtance of 15 degrees upon the fame Rumb 
"At zas in the Chart, you would know what 
Longitude and Latitude you are come to, 
or the point where the ſhip then is. 
Take 15 degrees in your Compaſſes from 
$0 (or L, which ſignifies the Lyzard) out 
of the Meridian line; or the degrees off 
latitude whatſoever they be, which will | 
reach to 35 d. in this Example. 
Set this diſtance upon the Rumb- line you 
Sail upon, which will be at V; lay your 
Ruler by that mark from 46 and 46 in the 
Meridian-line, and that is your latitude; 
do the like for your longitude, and you will 
find it 351, or thergabouts. 


To avoid Sailing in a Parallel n full 
Eaſt and Weſt at any tine. , 


It will be your beſt way to ſteer no nea- 
rer to the Eaſt or Weſt than the 7 Rumb 
from the Meridian, for ſo you may by your 
obſervation of the latitude! correct your ac- 
count, which otherwiſe you cannot do, and iſ 

in doing thus you will not go much out of 
your way; for if the two places be diſtant 
ic degrees, if you fail one half of your way 
upon the ſeventh Rumb, you will raiſe the 

9 | Pole f 


* 


— — 
” - - — — — — = _ . 
n L 
—— — — — e — — — — — — — — ———— * — — —— ; * 
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* 


BOOK If. Of Navigation. 297 


Pole very near 1 degree, viz. 283, and if 


you lay the Pole as much upon the leventh 
Rumb the other way, ſo you will come to 
the place deſired, having run the ſame di- 


Iſtance as before, viz: 5 leagues. Thus in 


a Voyage of 10 degrees, or 220 leagues, vou 


Igo not fully 4 leagues out of your way; 


vhich is not one in 50, Which will be well 
recompenſed, becanfſe in Sailing thus upon 


he ſeventh Rumb, you may by the obſer- 


ation of the latitude cortect your Ac- 
ount. 7 821 . 
Note that a Travis may be drawn upon 
his Chart, as that in pas. 277, is done upon 
the Plain Chart, mutatis mut andis in the la- 
titude and Diſtance. | Ty 
And thus much ſhall ſuffice to have ſpoken 
of- Sailing by the Plain Chart, or Mercators 
hart. Thoſe that have a mind to underſtand 
he third kind of Sailing by the Arch of a 


Preat Circle, they may conſult Philips his 


mb 
great matter of ſolidity which I diſcern in 


Ur 


ac- 3 


nd 


off 


Inc 


1 


„ 
® 
4 


eometrical-Seaman, and other Authors: 
I ſhall not here inſiſt upon it, conceiving it 
to be rather a piece of Nicety, than any 


it; yet withal do take it for an unqueſtio- 


nable verity, that it is the neareſt way by 
reaſon of: the Spherical Form of the Earth 
and Sea, and circularity of the Terreitrial © 


ay lobe. But to ler this pals, | ſhall con- 
the 7 


ole 


5 


lede what I intend to ſay concerning Na- 
* vigation 
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v:gation in theſe followihg particulars. 
1. Toſhewhow many leagues do anſwer 
to one degree of longitude in every ſeveral 
latitude. _ 13 
2. To ſhew how many leagues do an- 
ſwer to a degree of latitude in every ſeve- 
Tal Rhumb. 
3. To know the Burden of a Ship, aud 
how to Build a Ship to any proportion or 
bigneſs. bi hv 5% 5, 
1. To know how many leagues do an- 
ſwer to a degree of longitude in every ſeve- 
ral latitude. 
As the Radius (or ſine of 90 d.) is to 20 
in the Line of Numbers, (or 60 if you deſire 


Miles) ſo is the Coſine of latitude (at Lon- 


don 38 d. 38 m.) to the number of leagues or 

Miles in that latitude (viz. at London) 37 

155 Miles, or 12 4 leagues, fere. | 
To do this by the Sector, 

Take 20 leagues out of the line of lines, | 

and make it a Parallel Radius by fitting ir. 


over in the fines of 90 and 90, ſo his Paral- 


lel fine taken out of che complement of the 
latitude, (viz. 25. 15.) will give the leagues 
(viz. 18.) | WE 0 en 
To do this another way: 


- 


- Suppoſe you have a Quadrant, the one 


fide whereof being the fullRadius may be di- 


vided into 20 equal parts, the other ſide into 


60; 
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60;chen with your Compaſſes take the near- 
e!l diitance from the complement of the lati- 
tude to the fide of the Quadrant, and that 
distance meaſured upon the line divided in- 
to 20 from the Center, will give the leagues 
upon the line of So, which will give the miles 
antwerable to one Degree of longitude in 
that latitude. Other ways there may be for 
doing this, but thete are ſufficient. 

2, To know how many leagues do an- 
{wer to a degree of latitude in every ſeve- 
ral Rhumb, or mare Plainly to kuow how 


many leagues you are ro fail upon each 


Rhumb |-tore you raile or de preſs the Pole 


one Degree, 


As the complement of the Rhumb is to 
20 leagues the meaſure of one degree at 
the Meridian, to is the Radius to the leagues 
an{wering to one degree upon the Rhumb. 

As ſuppoſe Sailing NEBN from 50 4. of 
latitude, it were required how many leagues 
the Ship ſhould run before it ſhould come ro 
514, of Latitude: Becauſe this is the third. 
Rhumb, and the Inclination thereof 33 4. 
45m. The Complement thereof is 56 4. 
I5 m. Therefore the Extent of the Com- 
paſſes from 564. 15 m. upon the line of 
Sines to 20 upon the line of Numbers, the 
lame extent the ſame way will reach from 
Radius or the Sine of 90 d. to 24, fo _ 
leagues mult be failed to raiſe the Pole 1 4. 

O 4 To 
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To do this by the Sector. 
Take 20 leagues from the line of lines, 
and make ir a parallel ſine of 56 d. 15 m. 
and his parallel Radius between 9o and 90 
meaſured in the ſame line of lines, will ſhe 
you 24 for the Number of leagues required. 


[ 81 You keep the ſame Pry | 5 

South Meridian leagues | OE 
"Li Hav. changed your 1 | 22 
8 Uponthe Parallel a degree of f | 5 = 
;« | 1ſtRumb Latitude, your de- & 20% = 
„ part. from the Me- 188 
ir! I idian is 4 Leagues. - & 
Fs . 9 
S | Upon the 2 '} 85 | & 214 = 
i= 3] F | 13 F 4 | 5 
2 = - [& 28. 75 
* 1 1 
. 5 o 30 8 & 35 D 
4 6 431 fe 3 8 
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or nor lay the Pole at all. - 


I 7 | 
Exſt ) Tou are till in a Para'kl, and neither raiſe, 
Weſt 


To Convert Degrees and Minutes into Hours 
and Minutes. 3 | 
Note that 15 Degrees makes an Hour, 
© therefore divide the degrees by 1+, the 
Quotient will be Hours: The Fraction (if 
* any 
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any remain) multiply by 4, (becauſe every 
Degree is 4 Minutes of time) and to the 
Product add every 15 Minute of a Degree 
(if any be) for ſo many makes a Minute in 
time. This will exactly reduce Degrees 
and Minutes to Hours and Minutes. As 
# for Example 1184. by 15. the Quotient 
is 7 Fraction 13, which multiplyed by 4, 
is 52. Total 7 H. 52 M. as above. 

But for your ręady finding of your true 
Northing and Southing, or Eaſting and 
Weſting, or in other Terms your Diffes 
rence of Latitude and difference of Lon- 
4 5 by the Rumb and diſtance given, or 

y knowing how many Leagues you have 
ſailed upon auy Rumb: You have excellent 
Tables in Philips's Geometrical Seaman, 
and in Sturmy, or to ſupply thoſe you may 
have a Traverſe Scale, which is à Sliding 
Scale, on one fide having a Line of Num- 
bers, on the other fide the Rumbs: The 
ule of it is thus; Set your diſtance run a- 
gainſt the Radius (which is the eighth 
Rumb) and the Number of Leagues againit 
the Rumb you failed upon is the difference - 
of Longitude, or your departure from the 
Meridian, or your Eaſting or Weſting 
(call it which you will) and the Number of 
Leagues oppoſite to the Complement of the 
WF Rumb is the difference of Latitude, or 
Jour Northing or Southing: As for Exam- 

| O 5 | ple, 


II. 
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ple, ſuppoſe you Sail 57 Leagues upon the 
third Rhumb, and would know how many 


Leagues you have altered your Longitude 


or Latitude: Set 57 the Leagues failed to 
Radius(or the eighth Rhumb ;) look againſt 


the third Rhumb, there you find 31 753 
leagues for your departure from the Meri- 


di an or difference of Longitude, and againſt 


the complement of the faid Rhumb, which 


is 5, or the fifth Rhumb, there you will 
find 47 15 leagues, and ſo many leagues is 
your difference of Latitude: The like of all 
other. | 


The Uſe of the Sea Quadraxt. 
This Inſtrument conſiſts of 3 Vanes and 
2 Arches, one of 60, and the other 30, 
which together make 9o Degrees, and 
therefore call'd a Quadrant: The 3 Vanes 


are the fight Vane upon the 3o Arch, the | 
Shadow Vane upon the 60 Arch, and the 


Horizon Vane at the Angle A: So turn your | 


back of the Sun, and move the Sights, till 
the ſhadow and the Horizon be ſeen toge- 


ther, and then upon the'69 or leſſer Arch | 


obſerve the Degrees cut by the upper 5 
of your Shadow- Vane, and add thoſe to the 
degrees cut by the inlide of the Sight-Vane 


upon the 30 Arch, -which' Degrees added 


together, the Sum is the Complement of 
the Altitude, or the Suns diſtance from the 
Zenith. To 
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To keep a reckoning upon a Plat of a whole 
Voyage. 


f Navigation. 


Suppoſe you Sail from the Lizard South- 
Eaſtward (which we ſuppoſe in the Lati- 
tude 50, oo degrees) and the difference of 
latitude 3 degrees, which deduct from 50 4, 
and then the latitude the Ship is now in is 
4d. and ſuppoſe your courſe run 5o leagues 
Eaſtward, +4 "TY 

Therefore. to ſer the place of your ſhip 
upon youf Plat, you muit uſe two pair of 
Compaſſes, with one pair take the extent 
berween the latitude 50 degrees and 47 
degrees, and with that extent ſer one poinc 
of your Compaſſes in the Liæard, the other 
extend towards the place where the Ship is 
now, but ſo that your Compaſſes ſtand pa- 
rallel to a North and South Line. This 
done, keep one foot of your Compaſſes in 
that point, and with the other pair take 
the departure 50 leagues from the Scale of 
leagues, then interchange your Compaſſes, 
placing this laſt pair in the point where 
the other pair ſtood, fer this departure 52 
leagues to the Eat ward; but ſo that your 
Compaſſes may tand parallel, and to an 
Fait and Welt-Line. (This you may find 
by crying with your other Compaſſes whe- 
ther the legs be #quidjttane from the next 
Eaſt and Weſt- line.) l 
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This ſecond point thus found upon the 
Plat is the place of the Ship (according to 
your reckoning) which was required. This 
have ſeeu practiſed by ſeveralShip-Maiters 
upon Maps, and is a very ready way, mai k- 
ing the place where the Ship is with Chalk, 


which may be rubbed out again hen you 


come at the next Station. 
Hew to a om hat Purth cn a Ship is off. 


The general receiv'd Opinion is to take 
the length at the Keel, the Breadth at the 
Beam, and his Depth in Hold, which mul- 
tiply one in the other, and divide the laſt 
product by 150, gives you his Tunnage, 
which is the Kings allowance: But Mer- 
chants divide by 110; but you mult note 
this is of ſuck Ships as are built Taper-wiſe 
from the Keel, but ethers think 95 a num- 
ber reaionabie. 


Length 75 foot / Product is 28275, which 


Bre adth 29 f divided by 1co, gives 2824 
Depth 13 Tuns. | | 


Suppoſing 4 Ship of loo Tur, and you would 
make another Ship of double Burthen. 


Suppoſe this Ship of 100 Tun be 44 foot 
"long by the Keel, 20 foot broad midſhip 
b * "ZN Beam, 


6 


— — —— 
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Beam, 9 foot deep in Hold. Multiply each 
of theſe Numbers cubically ; double the 
Product, and then extract the Cube Root. 
As for Example, Mulciply 44 by 44, makes 
1936, and that again by 44 makes 85184 
for the Cube number, which being doubled 
(becauſe the Ship is ro be double the bur- 
then of the other) fo it makes 170368 : 
Extract the Cubique Root of this Number, 
and it will yield 55, feet 888 parts, which 
is 5 Inches, and almoſt 5 Inch, and ſo you 
muſt do by all the other dimenſions of the 
Ship to find them, and fo make them pre- 
portionable, 


hat due Proportion ought to be uſed in the 
Building of all Ships whatſoever. 


The due proportion of a Ship is, That 
the longitude of the Veſſel whatfoever it be 
more or leſs ought to be divided into 309 
equal parts; of the which parts 30 mult be 
aligned to the Depth, and the Breadth ſhall 
contain 50, or the 4 part of the longitude, 
{o ſhall the Ship be both proportionable, 
and more ſafe for Traffick. 

To conclude pleaſantly, I ſhall here give 
you Biſhop Wi{kins's de vice in his Mathemas 
tical Magick of making a Ship to Sail under 
Water: The Difficulties herein ke reſolves 


thus, 
1. No 


302 


Of Nuvigation. BOOK IL. 


1. No Land Creatures (eſpecially Men) 
can live wichour Air wherein they may 
breathe, and therefore ſuch a Veſſel mult be 
very large and ſpacious ; ſo as to allow Re- 
frigeration. ; 


2. If to, How is ir poſſible that they 


ſhould ſwim or fail along ? To this he lays, 


That thoſe Bodies which are carried on the 
Water, be they never ſo big or ponderous, 
(ſuppoſe equal to a City or whole Iſland) 
yet they will always fwim on the top, if 
they be but any thing lighter than ſo much 
Water as is equal to them in bigneſs. 

3. How to poiſe this Veſſel 10 equally, 
Thar ir ſhall neither rite roo high, nor fink 
too low: This he propounds ro be done 
by hanging more or lets great weights at 
the bottom. | 

4. How the motion of this Veſſel muſt 
be made, which muſt be by Oars put tho- 
rough the ſides of che Ships with leather- 
bags made faſt to the Hole, and tyed cloſe 
to the Oars, by which means the Oars may 
move, and yet ſet in no Water at all. 

5. The ſame device doth remedy the fifth 
and laſt, and greatelt difficulty, which is 
to take any thing into the Veſſel, or put 
any thing out of the Veſſel without admit- 


ſion of any Water: How this may be done, 
he propounds thus; 


Suppole a leather- 


bag of what bigneſs you pleaſe made 5 
| an 


> 
) 
f 
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and cloſe to a Window round about, being 
alſo ty'd cloſe about towards the Window, 
then any thing that is to be ſent out may be 
ſafely put into that end within the Ship, 
which being again cloſe ſhut or tyed, and 
the other end looſed, the thing may be 
ſafely ſent out: And by the like means how 
to receive any thing into the Ship or Veſſel 
is eaſiè ro conceive. | 

But I ſhall-fail na further in this Dif= 
courſe, the Voyage in ſuch a Veſſel being 
near as difficult and dangerous to perform, 
as to fly into his New World of the Moon, 
though he tells you pag. 219. That if a 
Body were above the Sphere of the Magne- 
tical Vertue of the Earth (Which he ſuppo- 


ſes 20 Miles upwards, or ſo) he might there, 


ſtand as firmly in the open Air, as he can 
now upon the Ground. 

Or Secondly, If this Sailing under Wa- 
ter could be performed, it would not be of 
much uſefulneſs; therefore thall rank this 
amongſt thoſe other conceits which are 
demonſtrable, but not practicable, ſuch as 
pulling up Trees by the Roots wich a ſingle 
hair, or by the breath of a mans mouth: 
Or Pythagoras writing in the Moon by re- 
flection: Or Archimedes his moving datum 
pondus cum data potentia; that if he did but 
know where to ſtand and faſten his Inſt ru- 


.ment, he could move the whole Terreltrial 


Globe, 
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Globe. More uſeful (if at all practicable) 
is his perpetual motion; but both uſeful 
and practicable, and in many places prac- 
tic'd and us'd is his Sailing Chariot, like 
that in Holland, which with the Wind 
would pals from Scheveling to Putten in two 
hours, being diſtant more than 42 Erglifh 
Miles, | 1 8. 

But paying due Honour and Reſpect to 
the menticn of this Reverend, Learned, 
and Ingenious Author, I ſhall here conclude 
what I have to ſay of Geometry in general, 
and in particular as to Surveying and Na- 
vigation ; and proceed according to my pro- 
pounded Method to more ſolid and ſerious 


Mathematical Propofitions and Practical Con- 


cluſions in Aſtronomy. 


— 
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The Third BOOK. 


— — — — 
- 


OF | 


ASTRONOMY. 


" 
— — 


HA. . 


Het hitherto treated of Arithme- 
tick in the four kinds of it, Common, 
Decimal, Logarithmetical, and Inſtrumen- 
tal, and alſo of Geometry, both general 
in the Reſolution of Geometrical Pro- 


blems and Propoſitions ; and in the produ- 


cing, reducing, and mealuring the three 
principal-Geometrical Figures : And like- 
wile of Geometry in ſpecial applyed to Sure 
veying and Navigation: I come now in the, 
third place to treat of the third Mathe- 
matical Liberal Science, which is Aſtronomy, 
And as Geometry may be ſaid to meaſure the 
Farth, or this whole Terreſtrial Globe of 


den and Land, by taking Heights and Di- 
Js ſtances 
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ſtances at Land in Surveying, and by taking 
Heights and Diſtances at Sea in Navig ati. 
on : So Aſtronomy may be ſaid to meatur: 
the Heavens by taking che Heights and Di. 
ſtances of thoſe Heavenly Bodies, viz. The 
Planets and Fixed Stars. 

But that theſe Heights and Diſtances 
here principally meant and intended, may 
be entirely handled, and that other things 
which concern Aſtronomy, may be the bet- 
ter underſtood, I ſhall premiſe theſe ſeveral 
particulars, and proceed in this Method. 

t. I ſhall give you the number and names 
of theſe Heavenly bodies, viz. the Planets 
and Fixed Stars. | | 

2. I ſhall ſhew you their Order, both in 
the Prolomaick and Copernican Syſtems of 
the World, and give you the Reaſons gi- 
ven on both ſides, pro & con for each Sy- 
ſteme. - 8 

3. I ſhall ſhew you their Periodical Re- 
_ volutions. | | 

4. I ſhall ſhew yon the Magnitudes. 

5- Their Heights or Diſtances from the 
Earth: 28 | 

Which will lead me by the hand as it 
were in the laſt place to ſpeak of theſe other 
Heights and Diſtances which I make the 
Sum and Subſtance of Aſtronomy as it ſtands 
in Analogy with Geometry in this place : 
And theſe, to wit, the latter ſorts of Wee 

*,. 4. 


PTY 1— 
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. 
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and Dillances are properly Queſtions of the 
Sphere, therefore I ſhall explain ro you the 
Projection of the Sphere in plano, and the Re- 
ſolution of Spherical Triangles grounded 
thereupon ; by which Spherical Triangles 
thele Aſtronomical Queſtions are reſolv'd; 
as Surveying and Navigation art by Plain 
Triangles, But to proceed according to my 
propoled Method. 0 


33588 a. 


3 om 


* 
— 


CHAP. ll. 
To give you the Number and Names of 
the Planets and Fixed Start. 


I, S for the Planets, all agree as to 

| the Number that there are 7, 
but which theſe ſeven are there is ſome 
difference; Ariſtotle, Prolomy, and the reſt 
of the Peripateticks do number them thus, 
Saturn, Fupiter, Mars, Sol, Venus, Mercury, 
Luna, making the Earch the Center of 
the World : But Pythagoras, Copernicus,and 
the Ancient Pythavoreans do make the Sun 
the, Center of the World, and this Earth 
to be a Planet inſtead of the Sun, and to 
move in the ſame Orb which is aſcribed to 
the Sun by Prolomy, and ſo numbers the 
Planets thus, Saturn, Jupiter, Mars, Tellus, 
Luna, Venus, Mercury, and Sol the —_— 

an 


% 
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and ſome will not have the Moon to be a 
primary Planet, but only a ſecondary, and 
that all the reſi of the Planets as well as this 
Earth have their Moons to move about them, 
and for Jupiter there are 4 obſerved to move 
about him, which they call Satellites; and 
Saturn allo is obſerved to have his conco- 
mitants. 

Secondly, For the number of the Fixed 
Stars, they are vulgarly and commonly con- 
ceived to be innumerable, yet Mathe matici- 
ans do ſay they may be numbred, and do 
take notice only of 1025, or at moſt of 
1161, comprized i in 48 Conſtellations, 


21 In the Northern Hemiſphere. 

. 5 In the Southern; | | 

12 In the Zodiack, or the Zodieti- 
: — cal Conſtellations, being no 
In all 48 other than the ien e 


1 n 


509 


1 Urfa Minor 


That in th+* end of the Tail is cal- 


— 


12 Conſtellations 


— led the Pole Star. 
S 2 (lea jet 
8 3 Draco 
S 4 C phes 
J 5 Bo tes 
s Coron» Borea & 
I 7 Engoraſis or Hercules 
8 Lyra 
„ $ O'or. or Cignus 
= 10 Cafſiopeia 
— 11 Perſeus 
8 12 Aurig! 
© 


The Names of the Northern Conſtellations are 


Containing Stars? Containiog Stars 


7 { 13 Opbicuus, ar Serpentarius 24 
| 14 Serpens - 18 
115 Sagitta, or the Arrow 8 

27 15 Aquila, or Vultur volans 9 


31 , 17 Delphiaus the Dolphin 13 
11 | 18 Equiculus, or little Horſe 4 
22 19 P-gafus,or the winged Horſe 20 


8 ©20 Andromeda 23 
29 1 24 Triangulum the Triangle 4 
10 — — — — 
17 | 9 Conſtellations Stars 117 
13, 12 213 
171 — | — 
14 21 Northecn 232 

215 Stars. 


— ũ 
— 
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The Names of the 15 Southern Con- 
ſtellations. 


Ne. Ne. 


* 


I Cetus the Whale 227, 9 Crater the Cup o 
2 Fluvius Eridanus 34 | 19 Corvus the Crow 7 


3 Lepus the Hare 12 | #1 Centaurus 37 
4 Orion 38 13 Lupus the Wolf 19 
5 Canis Major 13 Ata the Altar 

6 Canis Minor 2 4 14 Corona Auſtrina 
7 Argo Navis 41, the South Garland, 

8 Hydra 25 1« Piſcis Auſtrinus 12 


8 Conſtellations. ars 92 ? Conſtellations, Stars 102 
1 A. p 192 


1 5 South Conitei/at, 294 


The Names of .the 12 Zodintical Con- 


Fellacions. | 

Neo. 9 2 2 . Ns, 
1 Aries the "PN 33,7 Libra 8 
2 Taurus 237 8 scorpio 21 
3 Gemini | 18 0 19 Sagittarius 31 
4 Cancer 9 10 Capricorous, 28 
5 Leo w_ 27, 11 Aquarius 42 
6 4 287 12 Piſcis 24 
6ConftellationsStars 16 6 5 Conſtellations. Stars. 154 
1 4 * 116 


— —ä— — — 


12 Conſtellations- 270 


Theſe 
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Theſe are the 48 Conſtellations taken out 
of Mr. Moons Book De Globis, where you 
may find their ſeveral Poetical Stories, 
which are not unpleaſant to read: And 
thus much ſhall! ſerve for. the Number and 

Names both of the Planets and Fixed Stars. 


# ** F. , * 


7 * 1 * 


CAP. il. 


Concerning their Order in the Syſteme 
f the World. HAN | 
S to the Order of the Planets and Finh 
ed Stars, my Reading affords 
three ſeveral Syſtemes (though po 
there may be more :) Theſe Thr 
Firit, the Tychonican Syſteme, (i 
Ticho Brabc.) dl olomaick Sy- 
ſieme (invented and maintained by Prolom 
and the Perip-tericks.) Thirdly, The Coper- 
nican Syſkeme, being the Antient Opinion of 
Pythadoras and his Followers, but revived. 
by Copernicus, and ſince imbraced by moſt 
Modern Mathematicians, though Vulgar 
Capacities do take it for a ſtrange thing, 
monſtrum Horrendum, &c, I ſhall give yu 
thele three ſeveral Syſtems in order, and 
brit, the yen. rang 
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The Tychonican Syſteme. 


This Syſteme was Invented by the"Illu- 
ſtrious Ticho Brahe a Nobleman of Den- 
mark, Lord of Kuudthorp in the Iſland of 
Shonen, not far from Elſenbourgh, who fra- | 

med this Hypotheſis as a mean betwixt Pro- 
1 and Copernicun. £241 34 

By this he ſuppoſeth that Mercury, Venus, 
and all the other Planets(except the Moon) 
in their motion, reſpect the Sun as their 
Center: So that Saturn in oppoſition to the 
>: Sun 


* 
— 
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Sun is nearer the Earth tf̃an Venus in Apo- 
gæon, and that Mars in oppoſition to the 
Sun, is nearer to the Earth than the Sun 4t 
ſelf, as may appear by Inſpection from the 
Hypotheſis it ſelf. 


The Ptolomaick Syſteme, 
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q 


The Copernican Syſteme. 


For theſe two Syſtemes, viz. the Ptoloma- 
ick and the Copernican, I ſhall give the rea- 
ſons pro & cen out of Varenius, and becauſe 
they cannot be better expreſſed, I ſhall give 
you them in his own words, as follows, 
Geographia Generalis abbreviated on this | 


manner, pag. 34, 35, 36, 37, 39, and 40. 


ä 


— — 


— 


Rationes'Copernicani SyXematis. 


-* 


* . 


— 
7 
- 


r. Quoniam tantus eſt numerus ſtellarum 
que horis 24 circa Tellurem circuitum vi- 

| .entur perficere, & hæc apparentia per 
| unius 


* 


j 
: 
11 
4 
3} 
1 
1 
Ti 
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unius Telluris (manentis in ſuo loco) mo- 
tum explicari poteſt, ideo magis rationi 
conſentane um eſt hunc ſtatuere quam iHum ; 
icut nobis in Nayi ſedentibus, & appro- 
¶ pinquantibus ad ſtationem multarum Navi- 
um quæ apparent nobis appropinquare, non 
ideo hiſce motum aſcribimus ; & omnine 
cum natura non ſoleat facere per plura quod 
per pauca poteſt, viriſimile eſt, in hac 
$9 u0q;.re-illudobſervacumeſſe,, ..  - 
2. Quia incredibilis & onnem cogita- 
tionem ſuperans celeritas motus flellarum 
illius foret: etenim cum infinico ferè ſpa- 
Weio a Tellure abſint, & valtiſſimus orbis 
Hillis percurrendus fit, unoqhoræ minuto ad 
minimum per Centena- millis milliarium 
ferri deberent. Contra, ſi Telluri motus 
aſoribaturchic primus, manet hæc in ſuo la- 
o, .neq; de minimanceleritate timendum 
eſt, quia Tellus circa ſuum axem rotatur. 
3. Accedit argumento huic majus Robur 


ſe nn 
e H <ompartmus waftitem corporum cœle- 
. ium cum ter reitri. e oc os cum Sol ad 


minimum dugenties 1pajor dt Tellure, itel- 
læ vero fixe vel millieg ma jares, cui non ve- 

iimilius: fiat Telluremstotari circa ſuum 
Axem motu naturali, quam tanta cor pora 
incredibili pernicitate de loco in locum 
noveri? , Hen Es- 


k 4. Quonian-omnes Aitronomi iluſrio- 
r res cum Tychone:coact apparent iis jam 
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negant Orbes ſolidos; quibus antiqui ad 
faciliorem ſtellarum motus Hypotheſin ute- 

bantur. Ideo multo incredibilior videtur 

illarum circumlatio circa Tellurem. Ne- 

gant autem Orbes ſolidos, quia fi hi eſſent, 
concedenda eſſet penetratio orbium mutua, 
cum quidam planetæ in alterius alicujus 

- Sphra deprehendantur frequenter. » 

5. Nulla Ratio reddi poteſt cur Stellx | 


circa Tellurem moveantur, cùm contra cur 


Terra & reliqui planetæ circa ſolem cum re- 
liquis planetis Kren n poſſit dari 


| :Ratio. 79 il 


6. Quia nec Palus, nec Axis eſt realis 
circa quem Stellæ ferri ponuntur; contra 
m Tellure & Polus & Axis eſt. 
J. Quia multo fatilior eſt Navigatio ab 
doeecidents in orientem quam ab oriente in 
occidentem. Etenimt ex Europa in Indiam 
navigatur menſibus circiter quatuor, ex In- 
dia in Europam reditur ſex menſium ſpatio 
Kirciter. Nimirom quia in illa Navigatio- 


ne in eandem m. cum Tallurr moven- 


Tar, in · hac derò in'concrariam. ') 1: 1 
8. Quiz omnes apparentiæ 1 or- 
tus, occafus: fyderum, dierum incremen- 


tum, &c. poſſunt explicari, fi Telurem 
moveri ponamus, 2181190 


Imprimis autem hvjusHypotheſis commo- 


ditas & neceſſitas conſpicitur in admirandis 
| illi FlanetarutmaſſeQionibus ad quas expli- 


.Candas 
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candas Prolemaici multos circulos Epicyclos” 
& eccentricos ſine ulla ratione excogitare 
coguntur : Copernicaxi autem illas ex Tellu- 
ris motu ſecundo circa ſolem facili negotio 
deducunt ita, ut manifeſtam illarum eau- 
{am reddant, & adeo facilem ut vel indocti 
illam capere poſſint, Nimirum. 2:41 
1, Cur Planetæ interdum retrogradi 
videantur, & quidem Saturnus ſæpiùs & 
diutiùs quam Jupiter, Jupiter quam Mars, 
Cc. interdum celeriori motu ferri, inter- 
dum ſtationarii eſſe. 
2. Cur Venus & Mercurius nunquam pol- 
ſint tota nocte conſpicui eſſe >] 
3. Cur Venus nunquam majori a ſole in- 
tervallo,. quam ſexaginta graduum, Vercu- 
rius non majori, quam triꝑinta graduum in- 
tervallo diſcedat, & ideo nunquam oppoſi- 
ti conſpiciantur ſoli. 
4. Cur Venus ejuſdem diei & veſpere poſt 
ſolem & mane ante ſolem poſſit con ſpici. 
Plures apparentias afferre juperſedeo: 
ſed illæ precipue ſunt que per hunc motum + 
Telluris adeo appoſite & jucunde explicen- 
tur, ut admirandum potius eſſet ſi Tellus 
non moveretur talibus apparentibus Phe-- - 
nomeuis. - . 1 
9. Sol non tantum fons lucis eſt, quæ 
tanquam clariſſima fax illuminat Tellurem, 
Lunam, Venerem & reliquos ſine dubio 
Planetas, ſed etiam focus caloris & vitalis 
| F. 3 ſpiritus 


— — _ — 
„ — . — — — - — — — — — — 


— 


—— 


—ͤ— — 12 — 


—U— ñ og — 
— — — — 


— — 
2 
— 
— WZ0QA(LH] x — — — — ——— —ʒ—— 9 cn OO 


— — 


— . — = 
—Nüü9ür—E— q.y — — 
— — 


— - — 
— 


1 


318 Of Aftronomy. BOOK III. 
fpiritus quo totum hoc univerſum foveri & 1 
foſtentari videtur. Ideo medium locum 
omnium obtinere, & hos circa eum moveri 
probabile. 7b 51 ; 
10. Sole collocato in medio redditur W 
aliqua cauſa quare reliqui planetæ & Tellus 
circa eum ferantur, nimirum quia fol vattiſ- 8 
ſimum corpus eſt, & magnis viribus prae- 
ditum, ideo reliquos planetas ad motum W 
excitat. . 1 
11. Solem circa Axem ſuum rotari pro- 
bant obſervationes Galilæi & Scheineri de 
maculis ſolaribus. Hac igitur ratione re- 
liquis planetis circumeundi cauſa exiſtit, 
nec videtur ei alius motus attribuendus. 
12. Si Telluri locum inter Martem & 
venerem, ſolĩ vero centrum attribuamus, ap- 
te reſpondet motus ſingulorum planetarum W 
diſtantiæ a Centro, quod in Ptofemaica W 
Hyporheſi non fieri patet ex motuum ſolis, 
Veneris & Mercurii conſideratione. 
Verum enim vero Ariſtotelici cum Ptole- if 
maicis fententiam Pythagoricorum plur ibus i 
impugnat Argumentis & ſuam Hypotheſin 
probare conantur hiſce rationibus. 1 


Pationes Prolemaici Syſtematis ſequuntur. 
: 2, | f Ivy. yi! . " 


1. Terram eſſe ineptam ad motum prop- 
ter gravitatem; & Gravia feruntur ad Cen- 
trum mundi, Tellus autem graviſſimum 
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; & corpus eſt, iraq; centrum illud occupat. 
# 2, Gravia a Tellure diſcederent verſus 
centrum univerſi, niſi in Tellure hoc cen- 
trum eſſet. 4 
3. Partes Telluris moveri naturaliter 
motu recto ad centrum, ergo circularem 
motum eſſe contra naturam ejus. 2 
Si Tellus moveretur, lapidem e turri 

demiſſum non poſſe cadere ad pedem turris, 
vel globum e tormento exploſum verſus 
orientem ad metam aliquam (vel etiam ſi 
avis quædam ad orientem volaret) non 
poſſe hanc attingere, ſi meta cum tota tellu- 
re verſus orientem moveretur, vel ſaltem 
celeriorem fore attactum, ſi ad occidentem 
emiſſus eſſet globus.. 
J. Neq; turres neq; ædificia conſiſtere 
poſſe, ſed propter illum Telluris motum 
collapfura eſſe, neq; homines a vertigine 
immunes fore. 

6. Quia videmus (inquiunt) ſtellas mu- 
tare locum, non autem Tellurem. 

7. Quia Tellus eſt in centro mundi: 
centrum autem non movetur. 

8. Quia ſacræ literæ ſtabilitatem Tellu- 
ris confirmant. | 


Ad hec Argumenta. Copernicani reſpondere 
folent hunc in modum. 


1. Ad primum negando totam Tellurem 
P 4 gravem 
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gravem eſſe , namq; gravitas eſt partium ad 
totum Homogeneum tendentia : Et talis 
gravitas quoq; in lunæ partibus & ſolis. 

2. Et aliorum gravium motus non ad 
Centrum univerſi ſed ad Corpus Homoge- 
neum eſt, ut ex partibus Lunæ, Solis, mag- 
netis probatur. 

3. Motum illum rectum eſſe parti um Tel- 
luris, non totius Telluris, atq; hujus circu- 
larem motum non impedire illarum rectili- 


neam Lationem, quod de claratur a parti- 


bus Lunæ & Solis. | 
4. Ad hoc Argumentum reſpondetur tri- 
plici modo; 1. Primo enim gravia talia non 
adCentrum primario feruntur, ſed ad ipſam 
tellurem, & ideo breviſſima linea ad ſuper- 
ficiem ejus, breviſſima autem eſt bac quæ 
turri reſpondet: Sicut ferrum non ad cen- 
trum magnetis, ſed ad magnetem tendit. 
2. Totus aer adhęret telluri & cum hac mo- 
vetur, ideo etiam talia gravia demiſſa ſimul 
hunc circularem motum acquirunt & mo- 
ventur tanquam in vaſe. 3. Gaſſendus crebra 
experientia de monſtravit, quod ſi ex moto 
cor pore aliquid projiciatur, hoc Projectum 
etiam illo motu corporis moveri, exemplt 
grat ia lapidem dejectum è faſtigio mali na- 
vis celerrime motæ, tamen non relinqui à 
nave, ſed ad pedem mali decidere : Et : 
pede mali exploſum perpendiculariter e 
iclopeto globum, rurſus perpendiculariter 
decidere 
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+ decidere. Itaque allata objectio nihil valet: 

s o- if a Mean jump in a Ship, he will not be 
able to paſs further, whether he jumps with, or 

1 againſt the motion of the Ship. 

- 5. Ad quintum Argumentum dicimys ta- 

e le quid loeum non habere - quia motus eſt 
æquabilis, nec in aliud corpus impinget, - 

K ædificia tanquam corpora gravia & Telluri 

ö homogenea moventur tanquam in navi. 


Etenim in navi celerrimè etiam vel tardiſſi- 
me mota, ſi modo #quahilis fit navigatio - 
hoc eſt fine fluctibus, & aqua plana, depre- 
hendimus erecta corpora non everti, imo 
pocula vino plena nihil effundere. - | 
6. Ad ſextum, dicimus mutationem lo- 
ci ſtellarum non ſentiri, ſed fitus reſpectu 
noſtri mutationem deprehendimus: poteſt 
autem hæc ſitus mutatio animadverti & 
eſſe, ſive nos cum Tellure ſive nobis immo- 
tis ſtelle moveantur, vel etiam & nos & 
, eee 
7. In ſeptima objectione & major & mi- 
nor falſa eſt, vel ſaltem dubia. + 
8. Ad Octavum reſpondetur. 1. Sacram 
ſcripturam in rebus Phyſicis Loqui ſecun- 
dum apparentiam & vulgi captum, exempli 
gratia quando Luna cum Sole dicicur mag - 
num luminare quod ad noctem illuminan- 
dum creatum fir, cum tamen nec Luna mag- 
na ſit reſpectu ſtellarum & Telluris, nec 
proprium lumen habeat, neq; omnibus no— 
„ 0 | d *\ N $ Qibus I 
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ctibus illuminat terram. Ita ſolem ab ex- 
tremitate ire, & ad extremitatem redire 
dicit ſcriptura, cum tamen revera talis ex- 
tremitas nulla fir, Ita in Fob; libro attri- 
buitur Telluri figura plana & quadrara, cui 
columnæ ſint ſuppositæ, quibus innitatur, 
quod quidem haudquaquam ita intelligen- 
dum eſſe, vel vulgus novit. Plura loca ad- 
duci poſſint: ſed ſufficiunt hæc; namq; ſacræ 
literæ nobis non ad philoſophandum ſed ad 
pietatem colendam conceſſ# ſunt. Secundo WM 
Loca quædam ſcripturæ adduci folent, quæ i 
non de immobilitate ejus, fed de conſtantia 
& duratione loquuntur, ut locus ille quem 
e Jö Attun mos. 4 
Thus you have the Reaſons both pro & 
con laid down by Varenius, both for the 
Ptolemaick and Copernican Syſtemes in-rete- 
rence to the order wherein thefe Plauets 
and Fixed Stars are placed: 1 ſhall leave 
it to every one to be of what Opinion he 
ſees the moſt reaſon for: But however can- 
not paſs by what I find in that great Ma- 
thematician Biſhop Wilkins after that he 
hath argued ſeriouſly for the Copernican; 
he adds jocantly, That they that would 
have the Earth iiand fiill, and the Sun to 
move, are like the Cook who would not 
roft his Meat by turning, the Meat about to 
the Fire, but rather by turning the Fire 
round. about the Meat. {World in the 8 J 
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If the Reader defire to know more con- 
cerning theſe matters, let him read the 
foreſaid Author, and Vincent Wing his Har- 
monicon Cæleſte, and ſuch as have treated 
largly of theſe matters. Theſe may fut- 
fice for my prelent purpoſe,” and ſo ſhall 
als on to the Third particular propoun- 
ded to be conſidered, which is the Motion 
or Periodical Revolution of theſe Heavenly 


Bodies, f 


. 4 - 
— 

——_—— 
. 


CHAP. V. 

Concerning the Motions and Periodical 
Revolutions of the Planets aud Fixed 

Start. 124 oa. 124 e. 


— 


n 
1. 


Ccording to the two different Hypo- 
A theſis of Ptolomy and Copernicus, there 
are you may fee 'two different Centers to 
their ſeveral Syſtemes, viz. the Earth and 
I the Sun, the one ſtanding ſtill, the other is 
fuppoſed to move in its proper Orbbetwixt 
1 Venus and Mars : If then according to 
5 Ptolomy the Earth be the Center, then muſt 
| the Sun move, and alſo the Fixed Stars, or 
the Starry Firmament. PHT ER I 
1. The Sun muſt move about the Earth 
in 24 hours, making Day and Night, which 
according 
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according to its proper Orbs Diſtance 
from the Earth of 1 142 Semidiameters muſt 
be above 7570 Engliſh Miles in a Minute of 
time, and finiſheth his periodical Revolu- 
tion thorough each fide in the Zodiack, 


call'd his ſecond: motion in a year, or 365 


days 6 hours, fere, Wing 365 days 5 hours 
48 Minutes, 55 Seconds, by this making 
Winter and Summer, Spring and Autumn, 

2. The Earth ſuppoſed the Center, the 
Starry Firmament mult allo move round 
about the Earth in 24 hours, and the mo- 
tion of the Starry Firmament being pro- 
portionable to its diſtance from the Earth, 
a Star in the Equator muſt move 12598666 

reliſh Miles in an hour, or 209974 in a 

inute, ſothat if an Hor ſeman ſhould ride 
every day 40 Miles, he could not ride ſuch 
a Compaſs in a 1000 years as the Starry 
Firmament moves in an hour, which is 
more than .if one ſhould move about the 
Earth 1000 times in an hour, and quicker. 
than peſſible can be . imagin'd ; and 
if a Star ſhould fly in the Air about the 
Earth with ſuch a prodigious quickneſs, it. 
would burn and conſume all the World here 
below: This made Copernicus not unadvi- 
ſedly to attribute this motion to the Earth, 
and that the Orb of the Fixed Stars ſtands 
{till, as well as the Stars in the ſaid Orb 


are fixed in their places and due diſtances 


from 
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rom one another. Suppoſing then with 


The opernicus the Sun to be the Center of the 
of uniserſe; (but allowing it withal a cir- 
1- Wcumrotation upon its own Axis) I ſay, ſup- 
k, ¶poſing the Sun the Center, there mult be 
5. {Malcribed to the Earth at leaſt a two-fold. 


motion: The firſt is its Diurnal motion, 
an{werable to the Frolomaick Diurnal moti- 
on of the Sun and Stars: This performed 
ie upon its own Axis in 24 hours, and con- 
d WM fticutes day and night. The ſecond moti- 
- Won of the Earth is his motion à loco in lo- 
cum in its proper Orb betwixt Venus and 
Mars, as you may ſee in the Syſteme, and 
this is performed in a year, or 365 days, 
6 hours, fere ; or 36 d. 5 h. 48,55“. in- 
ſtead of the periodical revolution of the 
Sun according to Ptolomy, and this conſti- 
tutes the 4 ſeaſons of the Year, Spring, 
Summer, Autumn, and Winter; as is ex- 
cellently demonſtrated in Biſhop Wilkins's. 

World in the Moon. EEE 
Now as to the former of theſe motions, 
or ſecundum primum Telluris motum upon its 
own Axis; you muſt know that every place 
upon the Terreſtrial Globe (as you may 
plainly ſee by turning about an Artificial 
one) doth not move alike, but places under 
the Equinoctial do move the faſteſt or 
quickeit, and nearer either of the Poles 
they move ſlower, in ſuch proportion — 
| tne 


Roadie df dt. A 8 4.4 6..+ i i 
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the Degrees in each parallel of Latitude 
are greater or lels : Therefore to know 
how many Miles in an hour auy particular 
place is carried by this motion, take this 
Proportion or Analogy. As the Radius is 
to the Co-ſine of the Latitude; ſo is 15 d. 
or 900 Engliſh Miles to the Number of De- 
grees or Miles required. 

As for Example, Amſterdam is in the La- 
titude of 52 d. 23 m. its complement, or 
co ſine is 37 d. 37 m. ſo that as go, or Ra- 
dius is to 37 d. 37 m. fo is goo to 548 
Engliſb Miles; or ſo is 225 German Miles, 
(4 Engliſh miles making one German) to 137 
German Miles; or ſo is 15 degrees to about 
9 degrees, which Amſterdam moves in an 
hour, or 9 of theſe German miles in 4 mi- 
nutes of time : Now how theſe Numbers 
15, 225, and 909, come to be the third 
number in this proportion; note that 
T5 d. is an hour in the Equator, theſe 
multiplyed by 15, Node 220 German 
Miles, and multiplyed by 60, produceth 
950 Engliſh Miles, the Equaror paſling fo 
many Miles or Degrees in an hour, and ſo 
co run the whole circumference in 24 hours, 
21600. N 

Thus much ſhall ſuffice to have ſpoken 
of the motion of the Earth, or the Sun, 
and of che Fixed Stars; for the reſt, 

Luna 


IS m . 
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Euna is the loweſt of all the Planets ac · 
cording to Prolomy, or only a fecondary' 
Planet according to ſome Copernicans, fini- 
need her courle in 27 days, and Amoſt 8 
We” 6 #50 407 ee 
' Merciry finifhes his Revolution about 
the Sun in $7 days, 23 hours, 15 Minutes, 
53 ſeconds, according to Kepler, and is ne- 
ver diſtant fromthe Sun above 30 degrees, 
Venus performs its courſe in 224 days, 
16 hours, 49 minutes, 24 ſeconds, and is ne- 
ver diſtant from the Sun above 60 degrees. 
Mars finiſhes his courſe in 2 years, or 
more ſtriftly in 686 days, 23 hours, 27 
Minutes, and 3o ſeconds ; or according, 
to Wing in i year, 321 days, 23 hours, 32 
S_—— 1 
Jupiler moveth through the Zodiack in 
the ſpace of 11 years, 10 months, and al- 
molt 16 days, or according to Kepler in 
4332 days, 12 hours, 20 minutes, 25 fe- 
conds, according to Wing 11 years, 317 
days, 14 hours, 49 minutes His Satel- 
lites or Attendants circumvolveth him in 
time correſponding to their diſtances from 
him, the firit and next him in 1 day, 18 
hours; the ſecond in 3 days, 13 hours; 
the third in 7 days, 4 hours, the fourth 
and outermoſt in 16 days, 5 hours. 
Saturn, tlie higheſt of all rhe Planets fini- 
ſheth his periodical courſe in 29 years, 9 
months, 


Sun) Theſe all move from,Weſt to Eaſt, alſo 


Author adds that it is not unlikely but that 


another, as ours is off them; and that all 
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moachs, 15. days, according 0 Alfrage- Wet 
nus, but more exactly according to Ke ler, Ib! 
in 10559 days, 6 hours, 36 minutes, and 
26 ſeconds, or according to Wing, pag. 63 
Harm. in 29 years, 174 days, 4 hours, WT 
58 minutes. Saturns Moon, or Con- a 
comitant is obſerved to move about him in Ip 
16 days, and note that the circumrotation In 
of the Sun upon his own Axis is in 26 days, WHY 
and the Earth in 24 hours, (together with In 
the reſt of the Planets that move about the Ic 
Saturn and Jupiters concomitants about them 
do keep the ſame courſe from Weſt to Eaſt. 
And beſides "theſe, it is not improbable. 
but that every primary planet hath his pro- 
per Revolution upon his own Axis (as the 
Jun and Earth have theirs:) and that they 
have their Moons or Concomitants moving 


about them as our Earth hath Nay, my 


the Sun being of the ſame matter with the 
Fixed Stars, they alſo may all have their 
Planets or Worlds moved about him, as, 
our Sun hath his And He, Cartes hath 
ſhawn us (faith, Doctor Power,) That every 
Fixed Star is a Sun, and is ſet in the Center 
of a Yortex. or Planetary Syſteme as ours 
is; and that they are as far remote one off 


* »„— nn cl @ was 


our whole Planetary Vortex ſhritiks into no- 
- >» nite babble thing. 


11 
411. 
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hing, if compared with theſe innumera- 
ble Syitems above us. 1 
No queſtion but all theſe Planets are il- 
luminated by the Sun (as is obſerved by the 
„ WTeleſcope :) And that the Earth ſhines at 
Ia Diſtance with like ſplendor as her fellow 
PF planets, as will eaſily appear by her illumi- 
Nnating the Darker part of the Moons ſub- 
N volvane or lower Hemiſphere, as is com- 
monly ſeen a little before or after the 
change, for then to the Moon the appear- 
ance of the Earths light is near the full: But 
do make no further Digreſſion. I come in 
the next place to ſhew the ſeveral magni» 


tudes of theſe Cœleſtial Bodies. 


a 


— — 


CHAP. V. 


Concerning the Magnitude of the Planets 
and Fixed Stars, and their Diſtances 
from the Earth, 


] T is not my Intention to ſhew you the 
1 Theory or Way of Calculation, or find- 
ing theſe Magnitudes, and Diſtances, or the 
ſeveral motions of the Planets :. Theſe re- 
quire a large Treatiſe of it ſelf, and is lear- 
nedly and largely done by Mr. Vincent Ning 
in that excellent Book of his Harmonicon 

" Celeſte, 
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Caleſte, to which I refer the Reader: And 
as | have done their Motions, ſo ſhall onl 


per Tranfitum lay down their Magnitudes 
and Diſtances as I find them in Authors 


and fo proceed to queſtions of the Sphere, 
Which is prineipally here intended. For 


their Magnitudes, take theſe Obſervations, 
I, Theſe Planets have their ſeveral Orbs 


wherein they move, the Semidiameter of 
which Orbs:compared to the Semidiameter 
of the Earth, have this proportion, 
| Es Deg. Min, 
of what Parts the f Hare 4 56 
Semidiameter of \ efcury ß 116 3 
the Earth is one, 1 1.641 45 
of the (ame the PE 23 
Semidiameter of / Mats 7332 4 
the Orb of Jupiter 1 fs 31 
ä Saturn 17225 16 
„Saturn £58, 5 to 2 
Jupiter 13 f * J32 to? 
SIT, Mars VEE 7 to 6 
2. The Diameter of Sol SEE pix to 2 
Venus =A 3 to 10 
Mercury FS 2 2 1 1 to 28 
Luca 88 3 to 17 


The Diameter of the Sun compared with 
the Diameter of the Moon beareth the 
ſame proportion that is betwixt 187 and 
10. Far, | 


The 
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And 
on r 82 
| 2 * 0 60 
wy The Diameter of ) 3 MW 6 
ory a Star of the + 19to 3 
ere, 5 a 19 to 36 
For 6 ' 21 to 8 
Ons. 


bl 3. The Magnitude or Proportion of the 
off Body or Globe of theſe Planers to the Globe 
ter or Body of the Earth according to the beſt 
obſervations of Mr Vincent Wing in his 
Harmonicon Celeſte, lib. 3. chap. 25, 26. fal. 
95, 96. are as follow s. 


Saturn 7. 0 times. 
dre + greater than 4-4 dear 
Jupiter * 9.315 times. 
the Earth 92759 
Sol C. 43 times. 

and greater than the Moon 15765353 times. 


Mars 553 times. 


2 venus ( is leſſer than ( 2674137 times. 
Mercury f the Earth C117 244 times. 
2 Luna — "3 zs times. 

0 oo b . 

3 There are divers other Authors which do 
much differ from him in theſe Magnitudes, 
but I take him to be neareſt the Truth. 

1 7 | 

, 8 ok 

| 
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The Magnitudes of the Fixed Stars, or 
their Proportions compared with the Globe 


[| of the Earth, which take as follows out of 
1 Mo. xon 48 Globis: 1 9 


A Star of the fe 

— SY Cc 

7 GAA 8 ſt 

n te 
Magnitude is to | 

the Globe of {9207 8 8 

the Earth. 2 | 


C071 01 og s 
9 OSS 


oo D oi 601 S9 s 
Þg 68g s 


718 03 1976 SY 


9$99Þ o 6818891 8% 


910 7 4 : | . F / V 
Therefore big - 
ger than the 
Eart h. 


This 
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This, may ſeem incredible to viſual ſenſe, 
but if the vaſt Diſtance of thoſe Huge Bo- 
dies, and the Diminutive quality of Di- 
ſtance be conſidered, reaſon will be recti- 
fied : For according to Mr. John Dee's 
computation, the Starry Firmament is di- 
ſtant from the Earth 2008 1 Semidiame- 
ters, which according to 60 Miles in a de- 
gree is 69006540 Miles : As is noted in its 
proper place. | 
And well may the Fixed Stars ſeem little 
to us; for Doctor Power ſays, That if one 
ſtood in the Firmament to behold this Earth 
of ours it could never be ſeen at all, and 
therefore if it were annihilated, would ne- 
ver be miſſed: So much doth Diſtance di- 


4 


miniſfi the Object. 


eit i 993200 id mm nes | 
; Now for their Diſtances from this Globe 
of the Earth, I ſhall give you them 
from Varenius in his own words, Geog. 
Len. lib. I. c. G. „ 
Si quæras quantum Tellus & nos in Tellure 
exiſtent es, diſtemus 4 Planetis, ſciendum eff, 
Non eſſe unam & eandem perpetuo diſt antiam 
ſed ſingulis diebus mutari, & propterea Aſtro- 


nomi tres diftantiarum gradus recenſent mini- 


mam, me diam, maximam. Media Diſtantia 


Telluris a reliquis Planetis juxta plurimos 
Aſtronimos eſt hac. | 
25 A 
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4 Luna diſtat Semidiametris ſei 60 

A Mercurio 110 

A Venere N 700 

A Sole { I 1150 \ 

A Marte | \ . 5000 circiter 

A Jove TIOO0 circiter 


4 Saturno | \ 18c09 


Verum enim vero omniro incerta ef} Martis, 


Jovis, & Sarurni & Sceſlarum fixarum diſtan- 


tia, ob de fectum parallaxis. In Copernicana 
Hypothe ſi idiftantia variatur non tantum a Pla- 
netarum motu ſed etiam a motu, mY mes T clarii, 


John Seller's Atlas Cerleſtis. . 


1. The Sun per forms his Revolution up⸗ 
on his own Axis in 26 days. 

2. Mercury 8 125 courſe in his 
Ellipfis in 88 days: His proper diurnal 
motion is 44. 5. 12”, ＋ * Circuit of his 
1 is 12059773 miles, ſo that he Wheels 
in a day 137040 miles, in an hour 5710 
Miles, and in a Minute 91 miles. 

3. Venus makes her periodical Revol u- 
tion in her Ellipſis about the Body of the 
Sun in 224 days. It is from the Sun to 
the Sphere of Venus 263604 miles, hence 
the Circuit of her Sphere is 22855911 
miles. Her mean Diurnat Motion is 1 4. 
367. 8% ſo that ſſie moves in a day 1017 12 
miles, in an hour 4238, in a minute 70. 

| 4. The 
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4+ The Earth accompliſhes her Revolu- 
tion in 365 days, 5 hours, and 59 mi- 
nutes, which according to Copernicus Sy- 
ſteme is placed berwixt the Orbs of Mars 
and Yours, It is from the Sun te the Body 
of the Earth 5021896 Miles. The circum 
of hec Sphere is 31560207 miles, her Diur- 
nal motion 39 minutes, 8 ſeconds. A De- 
gree of a great Circle upon the Earths Su- 
perficies is commonly reputed 60 miles, but 
by Mr Norwood's experiment is found to be 
69 miles. | 

5. Mars performs his Revolution about 
the Sun in one year, 321 days, 22 hours, 
and 20 minutes. It is from the Sun to the 
Body of Mars 7635292 miles. The Cir- 
uit of its Sphere is 47993264 miles, his 
Diurnal motion 31 minutes, 27 ſeconds, ſo 
that he wheels in a day 69842 miles, in an 
hour 2910 miles, in a minute 48 + miles. 

6. Jupiter runs his courle in 11 Egyptian 
years, 615 days, 14 hours, and 30 minutes. 
It is from the San to Jupiter 26179152 
Miles. The Circuit of his Sphere is 
1645 54670 miles, and his Diurnal motion 
about the San is 4 minutes, 59 ſeconds, 
Hence he wheeleth every day 17996 miles, 
every hour 1583 miles, andevery minute 
26 miles. 


7. Saturn performeth one Revolution a- 


bout the Sun WM 29 Egyptian years, 162 


days, 
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days, 1 hour, 58 minutes. It is from the 
Sun to Saturn 47833576 miles, the Circuit 
of his Sphere is 3006681 92 miles, his pre 
per daily motion in 2 minutes, o feconds, 
Therefore he wheeleth in a day 15953 
miles, in an hour 1498, in a minute 25 
miles. About his Body is a bright flat 
Ring which encompaſſeth him about. 

The Moon is a ſecondary Planet, and re. 
tains the Earth for her Center, about 
which ſhe performs her Revolution in 27 
days, 7 hours, 43 minutes. It is from the 
Center of the Earth to the Moon 2032 36 
1 Miles. The Circumference of her Sphere 
1 is 1277483 miles. Her Diurnal Motion is 
1 13 degrees, 10 minutes, 35 ſeconds, ſo 

ſhe wheeleth about in a day 46757 miles, 
in an hour 1948 miles, and in a minute 
30 5 miles. 
The Fixed Stars have a Motion or Cir. 
cumrotation upon their own Axis, and be- 
ſides a Motion of Revolution from Weſt to 
Eaſt, which in a year is not lefs than 49 
ſeconds, nor greater than.51 ſeconds, that 
it ſeems moſt probable that their Annual 

Motion is 5oſeconds, 40 thirds, whence it 

follows that they compleat not one Degree 
in the Ecliptick ſooner than in 71 years, 
and 7 or 19 days, and 12 hours in a man- 
ner, but the whole Circle 11 360 degrees 


they run not through in leſs than 25579 
Sidereal 


m the 
IrCurt 
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Sidereal years, which is Annus Magnus Pla- 
zonicus, (though by the Antients computed 
to extend to 36000 years.) 


But according to the Opinion and Ob- 
ſervation of the Learned Ticho Brabe, as 
you may find in Mathematical Recreations, 
fol. 220. Their Diſtances are thus. 


Moon 55 Semidiamet. 

| Lor 192416 miles 

2 1 Sun 2 1142 S midiam. 

the Earth © * OT 39249 Wit, 
7 /Starry * / 14000 Semidi. 

Firmament or 481840 mil. 


But according to Mr. Dees Computation 
200814 Semidiameters, or 69006 54 Miles: 
from whence theſe Corollaries do follow. 


L Suppoſe that a Man ſhould go 20 
Miles in Aſcending towards the Heavens 
every day, he ſhould be above 15 years be- 
fore he could attain ro the Orb of the 
Moon. 8 

2. If a Milſtone ſhould deſcend from the 
place of the Sun 1000 Miles every hour, 
(which is above 15 Miles in a Minute, far 
beyond the proportion of Motion) it would 
be above 163 days before it would fall 
down to the Eartn. 
| Q 3. The 


- — 
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3. The Sun makes a greater way in one 
day than the Moon does in 20 days, becauſe 
thar the Orb of the Suns Circumference is 
at the leaſt 20 times greater than che Orb 
of the Moon. 

And thus much ſhall ſuffice to have ſpo- 
ken concerning the Number, the Names, 
the Order, the Motions, Magnitudes and 
Diltances of thete Heavenly Bodies, the 
Flanets and Fixed Stars. 


CH AP--vL 
Of rhe Sphere. 2 tg 


92455 

Come now to peak of the Sphere, and 

of Queitions, of the Sphere, which. l 
make the ſum and ſubltance of Abe geg, 
as it ſtands in. Analogy* Wich Geomerr) jus 
this place: For as a gyin is taking. 
Heights and Diflances at Lud 2 bg e 


074 at Sea, and are performed by the d 
lution of Plain Trang les : 80 Ho gee art of 
Aſtronomy is raking Hex 7 ug ang Di Ber 


the Ban 010 W f 
performed by the. R e tion. 1 


Triangles, or by Frojecti e here it 
{elf, which is. the orowpd bet theſe ee 


T riangles. And that J may proceed the more 
metho- 


r Oy hg” 
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methodically, and be more clearly under- 
ſtood. | | 
1. I ſhall firſt ſhew you what theſe Que- 
ſtions of the Sphere are, and how they may 
be termed taking Heights and Diſtances. 

2, I ſhall ſhew you how theſe Queſtions 
may be reſolved. 


I. By Trigonometrical Calculation, or 
the Reiolution of Spherical Triangles, 

II. By Projection of che Sphere: 1. More 
Natural, by the Globe it ſelf. Or, 2. More 
Artificial, hy Projection of the Sphere in 
plano, and to ſhew you theſe Queſtions may 
not only be reſolved by the Globe, but alſo 
by Planiſpheres, Quadrants, &c. 

III. And laitly, I ſhall inſiſt more largly 
concerning that principal and moſt uſeful 
queſtion of the Sphere, to wit, Dialling, 
or of finding the Hour of the Day by the 
Sun, and the Hour of the Night by the 
Moon and Stars, and ſhall herewith con— 
clude the whole work. 


SEO 1 


Firſt then, The Aſtronomical Queſtions of the 
Sphere aretheſe, 


1. For Heights. To find 
1. The Height or Elevation of the Pole, 
or Latitude of the place, Q 2. The 


— — 


340 Of Aſtronomy. BOOK III. 
2. The Altitude or Height of the Sun 
or Stars above the Horizon at any time, 
which are called (particularly their Almi- 
cantaras, and their Meridian Altitude.) 


2. For D:ifances. 


3. The right Aſcenſion of the Sun or 
Stars may be allo called an Height, becauſe 
it is the Meridian Altitude, or Height of 
the Equinoctial above the Horizon: But 
may be allo called a Diſlance, becauſe the 
Ditiance or Number of Degrees contained 
berwixc rhe firſt Degree of Aries, and the 
Degree of the Equinoctial that comes to 
the Meridian with the Sun or Stars is the 
Right Aſcenſion of the Sun or Stars in De- 

rees and Minutes, 

4. The Oblique Aſcenſion of the Sun or 
Stars, though it ſounds like an Height, is 
more properly a Diſtance, becauſe it is the 
Diſtance in Degrees of the Equinoctial be- 
twixt the firſt point of Aries, and that ve- 
ry point of the Equinoctial that riſes or cuts 
the Horizon with the Sun or Stars. 

5. The Aſcenſional Difference is in plain 
Engliſh no more but the Diſtance betwixt 
che Oblique and Right Aſcenſion. 

6. The Suns Meridian Diſtance North 
or South from the Equinoctial, or of a Star 
from the Ecliptick is called their Declina- 
tion. . a | T* The 


—— 
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7. The Suns diſtance from any of the 12 
figns is called his place in the Zodiack, 

8. His Diſtance of riſing or letting from 
the due point of Eaſt or Wei, is called his 
Amplitude. 

9. The Suns Diſtance at any time from 
any point of the Horizon is called his Axi- 
muth, or Angle of the Suns peſition. 

10. The Suns diſlance from the next 
Equinoctial point Aries or Libra, requires. 
no Explanation, | 

Laſtly, His Diſtance from the Meri- 
dian ſhews the hour of the day, and the 
Moon and Stars diſtance from the Meri- 
dian ſhews the hour of the night. And 
all theſe in theſe reſpects may be pro- 
perly called Heights and Diſtances in Aſtro- 


nom)y. 
S Er 2: 


Therefore in the ſecond place I ſhall ſnem 1 
how to find theſe Heights and Diſtances. 


1, By Trigonometrical Calculation, or 
the Reſolution of Spherical Triangles. 

2. By Projection of the Sphere, either 
Globular, or in plano, in whole, as in the 
Globe ic telf and Planiſpheres; or in part, 
as in Semicircles, Quadrauts, and the 


like, 
Q 3 ror 
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For the firſt of theſe, to ſnew you how 
theſe Queſtions may be reſolved by the-Re- 
ſolution of Spherical Triangles, I ſhall en- 
deavour to do thei? two things. 

1. I ſhall ſpeak ſomething concerning 
Spherical Triangles, and the: way how to 
make and mealure them, | 

2. I ſhall give you the Trigonometrical 
proportions how to find theſe ſeveral Aſtro- 
nomical Heights and Diſtances before- men- 
tioned by Sines and Tangents. 


S6E-C'F- 37 
Of Spherical Triangles. 


As Plain Triangles, ſo Spherical conſiſt 
of ſix parts, viz. three Angles, and three 
ſides ; the Angles of both are meaſured and 
protracted by a line of Chords. The dif- 
ference betwixt them lies only in this, 
that the ſides of Plain Triangles are Right 
lines drawn by the fiducial edge of a Ruler, 
and meaſured by a Line of equal parts : 
whereas the ſides of Spherical Triangles are 
Arches of great Circles (that is Arches of 
any Circle to the ſame Radius) protracted 
upon the Center of the fame Arches or Cir- 
cles, and meaſured by a Line of Chords at- 
ter the ſame manner, that all Circles and Ar- 
ches are meaſured by Degrees and >” 

| a 
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And as the Proportions, betwizt the 
sides and Angles of Plain Triangles are 
found by Numbers and ſures : As for Exain- 
ple, the Artificial fine of any, Angle is 
praportionable to the Logarithmerical 
Number of its. oppoſite ſide; and on the 
contrary, the Logarichmetical Number of 
any fide..is proportional to the Artificial 
fine of its oppoſice Angle : So are the ſides 
of ſpherical Triangles. (being Arches of 
reat Circles; and the Angles allo meaſu- 
red at their Quadrantal Diſtance, or at th+ 
Diſtance, of the Radius from the Angular. 
point,) and the proportion between thele 
Sides and Angles are found by Sines only by 
this Rule. Harm. Cel. fol. 1. 
In every, or in any ſpherical Triangle, the 
fines of the ſides are proportional to the 
ſines of their oppoſite Angles, and the ſines 
of the Angles are proportional to the ſines 
of their oppoſite ſides. 

And in theſe particulars lies the diſſe- 
rence betwixt plain and ſpherical Trian- 
gles, and betwixt the protracting or ma- 
king, and the meaſuring of the ſame: More 
particularly, 


I. To meaſure or take the Quantity of any 
- , 4 VIS 
Angle of a Spherical Triangle, and to pro- 
tract the fame by the Projetlion, 


Lay a Ruler to the Angular point, and 


Q 4 the 
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the Extremity of the ſides containing the 

Angle, they being continued to Quadrants, 
and note where the Ruler cuts the Meridi. 
an or outward Circle, at both which pla. 
ces make marks upon the Meridian : The 
Diſtance between thoſe two marks meaſy. 
red upon your Line of Chords, ſhall give 
you the quantity of the Angle required, 


And to Protract an Angle, do thus, 


Firſt, Taking go degrees or Radius from 
your Line of Chords, deſcribe a Circle or 
part of a Circle, fo much of it as you have 
occaſion for, and making the Center to be 
the Angular point, prick out in the circum» 
ference {o many Degrees and Minutes from 
the ſame Line of Chords as you would have 
your Angle to contain: Then at the di- 
ſtance of the Radius from theſe marks in 
the ſame Circuniſerence placing one foot 
of your Compaſſes, with the other ſtrike 
an Arch through che mark and the Center, 
do the like with the other mark: Theſe 
Arches at the Center ſhall include an Angle 
of a Spherical Triangle, containing the lame 
Number of Degrees as were markt out in 
the Circumference. The like Ratio holds 
in any other Angle. Bur, 
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2. To Meaſure, or take the quantity of any 
Ji. fide of a Spherical Triangle. 


de And to protract the ſame, is more diffi- 
cult, and requires in the firſt place (ſeeng. 
that all Circles have their proper Poles) 
That the Poles of thoſe Circles (whereof 
thoſe ſides are Arches) be found our. | 


3. Now to find out theſe Poles. 


Note that the Pole of every great Circle 
is 92 degrees, or a Quadrant of a Circle and 
diitant from the Circle it ſelf upon that line 
which cutteth the Circle at Right Angles. 


2 Thus in a Projection of the Sphere the 
de Foles of all the hour-Circles are upon the- 
N duinoctial, and the Poles of ail the Azimurhs 
in upon the Horizon: The Poles of the Equi- 
1 noctial are the Poles of the World; and 
the Poles of the Horizon, the Zenith and 


Nadir. Now to find the Pole of any Arch 


e continued to a Quadrant, lay a Ruler by 
je (fe extream ends of the ſaid Arch, and 
e mark where it cuts the Meridian or outward 
„Circle: Then take go Degrees from your 
line of Chords, and ſet off that diſtance from 


the ſaid mark; and laſtly, lay a Ruler from 
the former end of the Arch to this latter 
mark, and where this croſſes the Circle 

Ky eg We 25 which 
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which cuts the Arch at right Angles, there 
is the Pole of the ſaid Arch. To make it 
more plain by an Example. 

- Suppole you would find the Pole of the 
Hour-circle PDS in the Projection, lay a 
Ruler upon P-and D, it will cut the Meri- 


dian or outward Circle in e. Then take 90 


degrees of your Line of Chords, and ſet 
them from e to f. A Ruler laid from P to 
F will cut the Equinoctial in 5, fo is y the 
Pole of the Circle P Ds, and ſo of any other 
as the Pole of ZGN is ©, Ge. 


4. Thus having found the Pole ef a Circle, 
or of the ſide of a Spherical Triangle, 
 » which is the Arch of 4 Circle, to meaſure 


the ſaid ſide. 


Lay a Ruler upon the ſaid Pole, and to 
the extream ends of the fide of a Triangle, 


note where the Ruler ſo laid cuts the Me- 


ridian or outward Circle at both ends of 
the ſide : That Diſtance taken in your Com- 
paſſes, and meaſured upon the Line of 
Chords, will give you the Quantity of the 
ſide of the Triangle, As for Example in 
the Projection: Let it be required to find 
the fide EZ of the Triangle ZEP, lay a Ru- 
ler to D, (the Pole of the Circle ZEN,) 


and the Angular point E, it will cut the Me- 


ridian in M, and a Ruler laid to Z will cut 
the 
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he Meridian in Z, ſo the diſtance MZ ta- 
ken in the Compaſſes, and meaſured upon 
the Line of Chords, will be found to con- 
rain 78 degrees, and ſuch is the quantity of 
the ſide ZE. 23 


5. Now t Protract æ ſide of 4 Spherical 
Triangle, is taught & mea/uring of it. 


For firſt you are to find the Pole, then 
laying your Ruler from the Pole by the ex- 
tremity of olig end of che fide, make a mart 
upon the Meridian or out ward, Circle, and 
make another mark rat the extremity of 
the other end of the ſide; and laſtly find 
out che Center of the Circle, to the ſame 
Radius, which will cut bath theextremitics 
of the lide required, and it. is done. 


S B. COA. 


Having thus ſhewn you how to protract 
and mealureeither Angle or fide of a Sphe- 
rica Thianglez and withal givem you pag. 
243 the Rule to find out the proportions; 
or y ſome of the 6 parts given, to find the 
reſt, viz,” That the ſines of their ſides are 
proportional to the ſines of their oppoſite 
Angles, & e contra, which Rule is fo gene- 
ral, chat thereby you may reſolve all, or 
mot queſtions of the Sphere or Spherical 

| Trian- 
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Triangles: yerl think it not amiſs to lay 
down the particular proportions by which 
thele ſeveral Aitronomical Queſtions of the 
Sphere are reſolved and found by the lines 
of Artificial Sines and Tangents, or Loga- 
rithmetical Arithmetick, 

How to find the Suns place, 

And his Declination, 

His Meridian Altitude, and thereby, 

The Latitude. 

All theſe you will find Taught in Navi- 
gation, pag. 254, 257, and 258, whereunto [ 
refer the Reader: They being there handled 
as they are Data, or things given; And 
therefore ſome of theſe being given, I ſhall 
ſhew you here how they and other poſtu- 
lata's or queſita's may be found in theſe fol- 
towing queſtions. 


PROBL. 1. 
By the Suns ſhadow to find his Altitude. 


Take a two-foot Rule, or any other 


ſtoff divided into equal parts: And as the 
length of the ſhadow is to the length of the 
Rule or Staff (held perpendicular to the 
Horizon) upon the line of Numbers; ſo is 
the Tangent of 45, or Radius to the Suns 
Height required: As ſuppole the ſtaff divi- 
ded into 100 parts, the ſhadow is 83 ol 

tnhele 
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ay. parts, the extent betwixt 100 and 83 
chin che Line of Numbers will reach from Ra- 
he I dius, or 45 upon the Line of Tangents to 
es o 4. 18 M. 26 ſeconds, the Suns Height 
a- above the Horizon. 


P R. O B L. 2. 
7 To find the Suns Declination, vide pag. 258. 
P ROB. L. z. 


To find the Suns place yen have alſo 247. But 
ſhall add this other Analogy, The Suns 
greateſt Declination, and his preſent Decli- 
nation given, to find his Diſt ance from the 
next Equinoctial point, and thereby his 
place in the Ecliptick. Y 


As his greateſt Declination, (which is 
always 23 4. 30 m.) is to Radius or line go, 
to is his preſent Declination (which is allo 
to be given) to his Diſtance from the next 
Xquinoctial point: Suppoſe the Declinati- 
on 11 d. 30 m. his diſtance is 30 d. from the 
next Aquinoctial point, which is Aries, 
therefore his true place is juſt leaving Aries, 
and entring Taurus. 


ee 
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The Sins PEAS Declination, and Diſtance a 

from the next Aquinoctial point 8 10 
find his "Rigs Aſcenſion, 

As the Radius is ro the Tangent of his 7 


Diitance, &c. ſo is the Co- ſine of his great- 
eſt Declination to the Tangent of his Right 
Aſcenſion. Example, as 904 is to 66 4. 
30 m.z{0 is Tangent of 30 d. to the Tangent , 
of 27 4 Jo m. 5 
R O’ 

The a greateſt Declinat ion, and lis preſent [ 
Declination given, te find his, Ask A= s 
cenſion. An A 0 ) 


As the Tangent of his greateſt Dec 
tion (23 d. 30 is to Radius; {6 is the 
Tangent of his præſent Declination ( which 
ſuppole 11 4. 30 un. to i Sine of his OMe. 
An ng 50 3 5 wy Having 

PRO OY 4 00 3 


7 find the Oblique Aſcenſs n. 


If the Declination be North, ſubſtract 
the Aſcenſional Difference from the right 
Aſcenſion, and it will give the Oblique 
Alcenſion. It the Declination be South, 

. add 


_ 
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add the ſame Aſcenſional Difference and 
Right Aſcenſion together, and the Sum 
will be the Oblique Aſcenſion. 


PROBL. 7: 
To find the Aſcenſional Difference, the Lati- 


tude and Declination given. 


As the Co-Tangent of the Latitude, 
(which ſuppoſe 38 d. 30 m. the Latitude 
being 51 d. 30 m.) is to the Tangent of the 
Suns Declinatich (20 degrees) ſo is the Ra- 
dius (90 d.) to the fine of the Aſcenſional 
Difference (27 4. 14 .) and ſo much the 
Sun riſeth or ſetteth before or after ſix, ac- 
cording as the Declination is North or 
South, and- this 274. 14 m. converted into 
time (by allowing 5 degrees, to an hour, 
and one degree for 4 minutes of time) is 
ih, 49 m. and ſo much doth the Sun rife 
or ſet before or after the hour of fix, ac- 
cording to the time or ſeaſon of the year. 


\ 7 d 


"FLO: 
The Latitnde of the Place, and Declination of 
the Sun given, to find his Amplitude. 


( einn! . 203 03 24 

As the Co- ſine of the Latitude (38 4,30): 

is to Radius (90) fo is the Sine of the De- 
; clination 


| The Latitude and Declination given, to find 


— —"PLOIY 


332. Of Aſtronomy. BOOK II. 
clination (ſuppoſe 204.) to the ſine of the s. 
Amplitude & 3 degrees 20 minutes.) (2 


PROB Z. 9. 
To find the Suns Altitude, and firſt his Meri. 
dian Altitade, his Divination (only) given, 


If the Declination be North, add the fame 
to the Complement of the Latitude, and 
the Total of both ſhall be the Meridian Al- 
titude. If the Declination be South, ſub- 
tract the ſame from the Complement of che 


Latitude, and what remains ſhall be the 
Meridian Altitude. 


e 
The Latitude and Declinat ion given, to find 
the Suns Altitude at 6 a Clock. 


As the Radius (90 d.) is to the ſine of the 
Suns Declination (20 d.) ſo is the fine of the 
Latitude (51 dJ. 30 mn.) to the fine of the Suns I 
Altitude at 6, vi. 15 d. 30 m. 


PR OBT. 11. 


the Suns Altitude when he is upon the true 
Eaſt and Weſt points. 


As the ſine. of the Latitude (51 d. 30 mn. 
is to the ſine of the Declination (20 d.) ſo 


15 dhe Radius CO 4.) to the fine of the 
Suns 
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ne Hsuns Altitude, being due Eaſt or Welt 
(25 d. 55 m.) | 


#& 0 -# &o 13. 


% T: find the Suns Altitude at any time 
aſſizned. a 
ne 
d Firit, Say as the Radius is to the Cotan- 
-Igent of the Elevation, fo is the ſine of the 
b- (Suns diſtance from fix to the Tangent of 
ie Han Ark, which being ſubtracted out of the 
uns diſtance from the Pole. I ſay again, 
Secondly, As the Co- ſine of the Ark found 
is to the Co- ſine of the Reſidue of the Suns 
iſtance from the Pole, ſo is the ſine of the 
Elevation to the ſine of the Height required. 


1 PRO BL. 13. 
7 find the Angle of the Suns Poſition, having 


given the hour from Noon: The Latitude, 
and the Suns Altitude. 


As the Co-fine of the Suns Altitude, 
(Which ſuppoſe 78 d.) is to the ſine of the 
hour from Noon (35 d. 36 m.) ſo is the 
Co- ſine of the Latitude (38 d. 30 m.) to the 
ine of the Angle of the Suns Poſition at 
the time of the Queſtion; (2 4. 45m.) 
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The Latitude of the place, and Declination of 


the Sun being given, to find the Angle of 
the Suns poſition at his Ri ſing. 


a e he Co line-pfthe Declination (504.) 
is to adius (90 d) ſo is the fine of the 
Latitude (51 4. 30 m.) to the fine of the 
i il ;of the Suns Pobrion at the time of 
18 T WP 
-P. R 0 * FA © 
Having > thy Suns Altitude, bis 1 
oth Diſtance from the Meridian (or- the 
hour of the day) gion ts ks his ens 


As. the Co-ſine of the Suns an 
(which ſuppoſe 64 d) 4 m.) is to his di- 
ſtance from the Meridian (61 4.) or 4 hours, 
4 m. before noon (viz. 7 hours 56 m.) lo is 
the Co- ſine of the Declination (78 d. 30 m.) 
to the Suns Azimuth from the e 
wards, (vix. 72 d. 22 m.) 


PROBL. 16. 
The Latitude of the place and Declination of 
"the Sun given, to find what Azimuth the 


Sun ſhall have at ſix 4 Clock / 


As the Colne 22 ts. 3 GB. 4. 
30 m.) is to Radius (90 4) ſo is the Co- 
Tangent 
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Tangent of the Declination (70 d.) to the 
Tangents of the Suns Azimuth connted 
from the North part of be Meridian (77 a. 


14.) 
P ROB L.: 17 We 


Tie Declination, Altitude, nd Azimuth of 
the Sun being APs to n * e 
the Day. | 


As the Co-ſine of the 1 658 — 
30 m.) is to the Co- ſine of the Altitude 
(64 d. 4 m.) fo is the Azimuth (72 d. 22 .) 
to 61 d. the hour of the day. This 61 4. 
onverted into time gives 4 hours, 4 mi- 
utes, which taken from 12hours, the Re- 
mainder is 7 hours, 56 minutes before 
Noon : The time of the day required. 


Mr. Leyburns Analogy is this, 


As the Co-fine of the Declination(70 4.) 
5 to the ſine of the Azimuth (146 or 341 
legrees) fo is the Co- ſine of the Alti- 
ude (78 4.) to the fine of the "our from 
Noon 35 2 98 Ws: 11445 | 


—— 
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CHAP. VIL D 

5 A 

Hus you have the ſeveral Analogies & Br 

Proportions, whereby may be reſol- lat 

ved theſe moſt uſeful Queſtions or Problems Itch 

of the Sphere by the Rule of Three,wrought Nx. 

either by Logarithmes, pag. 31. or bythe fly 

Lines of Artificial Numbers, Sines, and Ich. 

Tangents, pag. 41. taking this Obſervari- 
on along with you. 

That (As) denotes, or is put before the YT 
firſt Number: (Is te) the Second: (So is) Ira 
denotes the third: and (To) depotes or fly 
precedes the fourth, ſo that multiplying NO 
the ſecond by the third, and dividing the 
Product by the firſt, produceth the fourth 
in the Direct Rule of Three, pag. 19. and 
multiplying the Firit by the Second, and 
dividing by the Third, produceth the 
Fourth by the Indirect or Reverſe Rule of 
Three, pag. 19. where you may find both 
the ſaid Rules. WY 

Further you may obſerve, that the Suns 
Declination and Altitude is Aſſiſtant to find 
the Latitude: His Amplitude and Azimuth, 
to find the variation of the Compaſs: The 
Aſcenſional Difference to find the time of 
the Suns Riſing and Setting: The right 

Aſcenſion 


Il. 
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Aſcenſion of the Sun and Stars is Aſſiſtant 
to find their coming upon the Meridian, 
and the hour of the Night. The Latitude, 
Declination, and the Suns Altitude, and 
Azimuth is Aſſiſtant and ſubſervient to the 
finding the hour of the day: Thele two 
laſt put together, that is, the finding of 
the hour of the Day and Night is that which 
we call Dialling, concerning which, you 
will find ſomething particularly in the Con- 
cluſion of this ſmall Treatiſe. 

Having now ſhown you how thoſe que- 
ſions of the Sphere may be reſolved 
Trigonometrical (Calculation, and their ſeve- 
ral Analogies and Proportions. alſo, by 
which they may be found by Arithmetical 
Operation. I come now to ſhew you how 
theſe may be done by ſeveral Projections. 

Firſt, by the Globe it ſelf, being the moſt 
natural projection of the Sphere of all 
chers whatſoever. | 

Secondly, By Theakers Planiſphere, an 
Inſtrument of good uſe for this purpole, 
alled a light to the Longitude. 

Thirdly, By Mr. FoFer's Quadrant, that 
„ a Quadrant with hour-Lines. | 

Fourthly, By the Projection of the Sphere 
aplano, And, a 

Laſtly, I ſhall particularly inſiſt more at 
age upon that Queſtion concerning find- 
ng of the hour of the day by the Sun, we 

| 0 
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of the hour of the Night by the Moon and 
Stars, which may be properly termed Dj. 
alling, and with that conclude what I here 
intend in this Manual. 


SECT; 2; 


— — n — * 3 1 


The Uſe of the Globe in queſtions of the Sphere. 


Thoſe who have a mind to be throughly ! 
inſtructed in the general Ute of the Globes, 
bortyCcoleitial and Terrelirial,l recommend 
to them that molt compleat Book Written 
by Mr. Foſeph Moro concerning the Ute of 
the Globes in the folution of Aſtronomical, 
Geographical, Nautical, | Aitrologicaly 
Gnomonical Problems; and>ih che Relolu- 
tiom of Spherical Triangles at large: What 
There intend is after a very brief manner, 
to ſhew you how theſe Queſtions of the 
Sphere may be reſolved by the Glabe eaitly 


and day ae Ws „N vo ibn 


in Leon 19 2 £3 ' 

Fiſt hoe, your are to * the Burctulerofrh | 
place where the 9 15 We 
Which to do- by Obſervation is tavght 
pag. 255. but if you deſire to do it by the 
Globe, you are to bring the particular place 
to the Brazen Meridian, and the degrees 


reckoned thereupon from the Equator g 
the 


BOOK III. Of Afthonomy.. 359 


the place whoſe Latitude you ſeek, is the 
Latitude whether North or South: And = 
the Longitude likewiſe you may find it 
Obſervation, © as i pag. 260,7and by 05 
Globe. Obſerve What Degrees of the 

Equator comes to the Meridian with the 
place, the fame is the degrees of Longitude 
from the firſt Meridian. | 


In the next place yon are to  redtif e "your Glebe 
Fr for uſe: Ar to do, ; 


1. When you rettifie che Globe to any: 
particular Latitude, you muſt move the 
Brazen Meriqian through the Notches of 
the Horizon; tillithe fame Number of De- 
grees acchüßted an the Meridian from: the 


Polk (towards the North point 'tino4He 


Horizon, if bin North Latitude, and to- 
wards the South point, if in South Lati- 


Jude) eome juſpto the edge of the Horizon. 


3; Next reckifie the Quadrant of Alti- 


ode, and ſcrew the edge of the Nut that 


is evefi with the graddateckedge of- the thin 
plate to the fime- Number of Degrees as 


Ne Laticude is accountèd vn the Meridian 


fom the Equinoctlali which will be the Lee 
ach 6F "the pl de“ (15.0 Þ rh gol 
3. Bring the Jagger of Up bunt 
Sun is in that day to the Meridian, (which 
ou 3 learn 9 know hereafter) . wh 
then 
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then turn the Index of the Hour-Circle to 
the hour of 12 on the South-ſide the Hour- 
Circle, if in NortthLatitude & contra; and 
then is your Hour-Circle allo rectified, fit 
ro uſe for that day, r 
Laſtly, To rectifie the Globe to corre- 
ſpond in all reſpects with the poſition of 
the Sphere, you muſt with a Needle placed 


in the bottom ſet the 4 quarters of the 


Horizon, Eat, Nest, North, and South, a- 
reeable to the 4 Quarters of the World, 
and the Horizon by a Level you may {et 
parallel to the Horizon of the World. 
And poſiting the degree of the Ecliptick 
the Sun is in to the Height above, or depch 
below. the Horizon the Sun hath in. Hea« 


ven: Your Globe is made correſpondent in 


all points with the frame of the Sphere, for 
that particular Time and Latitude. 


The Globe thus refified, you may find, all | the 
. forementioned Problems on this manner. 


1. Find the day of the Month in the 


wooden Horizon, and over againſt it you 


will find the degree of the Ecliptick, which 
the Sun is in that day: As ſuppoſe at Lan- 
don( where the Pole is elevated 513 degrees 
of Northern Latitude, the Globe rectified 


for the ſame Latitude, as alſo the Hour- 


Circle, and Quadrant of Altitude) over 
57 2 againſt 
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againſt the 1oth of May you will ſee the 
Suns place in the Zodiack is 29 degrees of 
N, Tamm, | 

2. Bring this degree which is the Suns 
place to the Eaſt-ſide of the Horizon, and 
its diſtance from the Equinoctial, or from 
the due Eaſt point is the Suns Amplitude, 
or ſo much as the Sun riſeth before or after 
the Hour of Six 33 d. 20 mn. from the Eaſt- 
point Northwards in this Example. 

3. Look upon the Hour - Circle, and the 
Index will point zo the Hour of Sun-riſing, 
which in this Example is 12 Minutes after 
4 in the Morning. 

4. Obſerve what degree of the Æquino- 
Qial riſeth with the Suns place, and that is 
his Oblique Aſcenſion,” reckoning from the 
Vernal Gelure in the Celeſtial, and from 
the firſt Meridian in the Terrefiriat Globe. 
be As you, move the Globe round upon 
nis Axis Weſt Ward, you may (at any time 
or hour which the Index of the Hour-Cir- 
cle points to) know the Suns Altitude at 
that time, by bringing the Quadrant of 


Altitude to cut the Suns place: As at 53 . 


paſt 8 in'the Morning, you will find ic juſt 
40 degrees high above the Horizon: And, 

6. The Quadrant of Altitude at the Ho- 
rizon will ſhew his Angle of Potion, or 


pon what point of the Compals it is. 


3 7. The 


3 


before Noon, or after Noon, the Index of b. 
the Hour- Circle points to the Hour of the 
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7, The Suns Azimuth is the fame with 
115 "Xagle of Poſition. 
8. And his Almicanter the fame wich his 


Alticude. 


9. Bring the Suns place to the Meridian, 
ai there the degrees intercepted betwixc 


the Suns place and the Horizon, reckoning 
upon the Brazen Meridian is the Suns Nie- 
2 Altitude: : In this Example, (50 4. 


o m.) 
10. The Diſtance betwixt the Suns place 


in the Ecliptick, and the Equinoctial i is the 


Suns Declination reckoned alſo upon the 


] 
Meridian : In this Example (20 d. 5 m. |} c 

1. The Degree of the Eqdiuoctial which : 
comes to the Meridian with the Suns place, IP 
is his right Aſcenſion, reckoning from the 
Vernal Colure, or firſt Meridia. | np gs D! 

12. The number, of, degrees comprehen- N 
ded betwixt the Oblique and Right Aſcen- . 


ſion, is the Aſcenſional Diffetence reckoned or 
upon the Equĩinoctial. fic 


13- At any Degree of Altitude, either 


Day. | 
14. And laſtly, whe the Suns place ta 


comes to the Weſt-ſide of the Horizon, 4 
the Index of the Hour-Circle will point to 
the Hour of Sun-ſetting, and alfo will ſhew ef. 


his Oblique Deſcenſion, and upon what N. 
Azimuth 51 
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Azimuth or Point of the Compaſs it ſets; 
and how much before or after ſix. 

What is here {aid of the Sun, the ſame is 
to be underſtood of any Star, uſing the ſaid 
Star as you do the Suns place: As to In- 
ſtance in theſe r N the Globe recti- 
fied as before. 4 

1. By the Meridian Altitude of any Star, 
to find the Elevation of the Pole: Obſerve 
by a Quadrant or other Inſtrument the Me- 
ridian Altitude, und bringing the Star to 
the Meridian, place it upon the Globe to 
the Altitude obſerved. fo ſhall the Number 
of Degtees intercepted between the Pole 
and the Horizon, de the er of the 
Pole. 

2. To find the Right Aſcenſoot of n Star, 
bring the Star to the Meridian, and the 
Number of degrees betwixt the Vernal Co- 
Rifes and the Meridian its 5 Aſcenſi- 

5; in like manner for his Oblique Aſcen- 
ſion, r Oblique Deſcenſion. W330 

3. To find the Dedinations af 4 Star, 
bring the Star to the Meridian and count 
the Nuntbaß of Degfees-betwiftr *the ſaid 
Star and the: Equinectiagithe amel is the: 
Stars Deelimation be it North or South. 

* The Aimuth and Almicantara, or 
«hich is al ne, Phe Altitude and Angle 
of- Poſition of Ah Star is found the fame 
way as the Suns Azimuth and Almicantara, 
SU 5,6, 7, 8,79. 39. KR 2 68. To 
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F. To know any Star in Heaven, Firſt, 
having a Theodolite, with a moveable In- 
dex, upon the Index fix a Two-foot Rule, 
or ſuch a Thing Perpendicular ; and at the 
Top of the Rule hang a Quadrant, then pla- 
_<ing- your Theodolite true North and South 
by help of a Needle, or a Meridian Line, 
you may by the Quadrant take the Almican- 
tara or Altitude; and the Index of the 
Theodolite will ſhew the Azimuth or An— 
gle of Polition : And obſerve by the Globe 
what Star there hath the ſame Azimuth and 
4 Almicantara at the ſame time, and that is 
| | the ſame Star which you oblerved in Hea- 
1 ven : For if every Star on the Globe had a 
| 
| 
| 


| hole in the midſt, and your Eye were placed 

in the Center of the Globe, you might by I 1 

1 keeping your Eye in rhe Center, and look; 

F ing through any Star on the Globe, {ee the t 

| ſame Star in; the Heaven, which that on t 

the Globe doth reprefent ; for from the !: 
Center of the Globe there proceeds a ſtrait 

4 Linethrough-the Star on the Globe even to 8 

the lame Star in Heaven. 

' 6, The Meridian Altitude of a Star is m 
found upon the Globe by bringing the ſaid JS. 
Star te the brazen Meridian, and reckoning 

| how many degrees it is above the Horizon, . 
| the Globe rectified as before ſhown, G 
| 7. And by the Hour-Circle, turning 2.37 
| bout the Globe, you may oblerve at 2 
| ; 100 


I 
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Hour any Star will be upon the Meridian, 
to wit, when the ſame Star on the Globe 
touches the Brazen Meridian, | 

8. TheGlobe rectified, and the Altitude 
of a Star found by a Quadrant in the Hea- 
vens, and the {ame Star brought to the ſame 
degree of Altitude upon the Globe, by the 
Quadrant of Altitude, the Index of the hour- 
Circle will point to the hour of the night. 

9. The Riſing and Setting of the Stars 
are found as the Riſing and Setting of the 
dun: But this Riſing and Setting admits of 
a threefold diſtinction: 

r. Coſmical, when any Star riſeth with 
the Sun it is ſaid to riſe Coſmically, and 
when any Star fets when the Sun riſeth, it 
is ſaid to ſet Coſmically. | 

2. Acronical, The Stars that riſe when 
the Sun ſets are ſaid to rife Acronically, and 
the Stars that ſet with the Sun are ſaid to 
let Acronically. 

3. Heliacal, when a Star formerly in the 
Suns Beams gets out of the Suns Beams, it is 
laid to riſe Heliacally, and when a Star for- 
merly out of the Suns Beams pets into the 
duns Beams it is {aid to ſet Heliacally. 

And what Stars doriſe or ſet any of theſe 
ways, and when may be eaſily found by the 
Globe, as in Moons lib. 2. Probl. 35, 36, 
37, Which E ſhall not here inſiſt upon. 


Laſtly, 


K 3 
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Laſtly; I ſhall ſhew you how to find the 
Longitude and Latitude of a Star, and {6 
conclude as to the Cœleſtial Globe. 

if the Star you enquire after be on the 
North-fide the Ecliptick, you muſt elevate 
the North Pole 66 ; degrees: If on the 
South- ſide you muſt elevate the South Pole 
as much, then bring the ſolſtitial Colure to 
the. Meridian on the North-ſide the Hori- 
Zon, and {crew the Quadrant of Altitude 
to the Zenith, which will be 23 4 degrees 
from the Pole of the World, to ſhall the 
Ecliptick lye in the Horizon, and the 
Pole of the Ecliptick alſo lye under the Cen- 
ter of the Quadrant of Altitude: Now to 
find the Longitude of any Star, . turn-the 
Quadrant of Altitude about till the gradua- 
ted edge of it lye on the Star, and the de- 

ree in the Ecliptick that the Quadrant 
touches is the Longitude of that Star: And 
the degree of the Quadrant of Altitude that 
touches the Star is the Latitude of the Star, 
{o the Longitude of Marchab, a bright Sta: 
in the Wing of Pegaſus will be found 184 
56. and its Latitude 19 d. 26 m. 

What hath: hitherto been ſaid concerns 
the Cœleſtial Globe, I ſhall add a few pro- 
politions proper to the Terreſtrial, which 
together will contain the principal Pro- 
blems to be performed by the Globe. 


Ti 


ws a ws om 
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1. To find the Diſtance between any iws 
Places en the Terreſtrial Glove, 

The Graduated Edge of the Quadrant of 
Altitude applyed co. both the Places, will 
ſhew the number of Degrees betwixt them, 
or with a Pair of Compaſſes pitch one foot 
in one of the Places, and the other foot in 
the other Place, and keeping your Com- 
paſſes at that diſtance, apply the feet to 
the Equinoctial Line, and you will find 
the number of Degrees comprehended be- 
tween them: As tuppole the places were 
Londen and Jamaica, you will find 68 3 de- 
grees, which multiplyed by 60 makes 411 
Engliſh Miles. op og HV 
2. To find upon what point of the Compaſs any 

. Two Places are {cittgte one from anthers 


Find the two places on the Terreſtrial 
Globe, and fee what Rumb paſſes throught: 
them, or if no Rumb paſs immediately 
trough both, rake that Rumb which runs 
moſt parallel to both the places. | 


3. To know what a Clock it is in ay ether 


part of the Earth. 


Note that thoſe places to the Eaſtward 
R. 4 ot ; 
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ot us have their day begin ſooner than ours, 
and thoſe to the Weſtward later: there- 
fore firſt bring the place of your own ha. 
bitation to the Meridian, and the Index 
of the Hour-Circle to 12, then brins the 
other place to the Meridian, and the Index 
will point to the Hour in the other place, 
be it tooner or later. 


4. Any place on the Terreſtrial Globe given, 
to find its Antipodes. | 


Bring the given place to the Meridian, 
ſo you may find its Longitude and Latitude, 
then turn about the Globe till 180 degrees 
of the Equator paſs through the Meridian, 
and keeping the Globe to this poſition, num- 
bes on the Meridian 180 degrees from the 
Latitude of the given place, and the point 
juſt under that degree is the Antipodes; 
or bring the given place to the North or 
South point of the Horizon, and the point 
of the Globe denoted by the oppoſite point 
of the Horizon is the Ant ipodes of the gi- 
ven place. 


5. To find the Perecy of any given place. 


You muſt underſtand, the Perecy of any 
place are ſuch as dwell about the fame He- 
miſphere in the fame Parallel from the 
Aquator, rhe one Eaſtern, the other We- 


ſtern, directly oppofite to one another: 
There- 


ms K e „ qv £K oo. Gy 
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Therefore bring your place to that fide the 
Meridian which is in the South notch of the 
Horizon, and follow the parallel of that 
place on the Globe till you come to that 
dex ¶ ſide the Meridian which is in the Northern 
the ¶ norch of the Horizon, and that is the Pe- 
dex recy of your place. 


7. To find the Antecy of any given place. 


The Antecy are ſuch as dwell one againſt 
another, having the ſelf fame Meridian, 
and equal diſtance from the Xquator, the 
4, MW one in the Northern, the other in the Sou» 
de, ¶ thern Hemiſphere, therefore bring your 
es place to the Meridian, and find its Lati- 
n, tude: Then if it have North Latitude, 
n- count the fame number of Degrees on the 
he ¶ Meridian from the Aquator Southwards : 
nt but if it have South Latitude, count the 
3 fame'number of Degrees from the Equator 
or Norchwards, and the Point of the Globe 
nt directly under that number of Degrees is 


the Antecy of your place. 


8 How to hang the Terreſtrial Glebe in ſuch 
a Poſition, that by the Suns ſhining upon 
it, you may with great delight at once 
behold the Demonſtration of many Prin- 

ciples in Aſtronomy and Geography. 


Take the Terreſtrial Ball out of the Hoe 
Mon, and faſten a Thread on the Brazen 
R 5 Meri- 


AS. 
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Meridian to the Degree of the Latitude of 
5 place: By this thread hang the Globe 
where the Sun- beams may have a free accel; 
to it: Then direct the Poles of the Globe 
to their proper Poles in Heaven, and with 
2 thread faſtned to either Pole, brace the 
Globe ſo that he do not turn from his poſt 
tion: Then bring your Habitation to the 
Meridian, fo ſhall your Terre!}rial Globe 
e recited to correſpond in all reſpects 
with the Earth ic felt; ſo that with great 
delight you may beheld. Maine 

1. How the counterfeit Earth (like the 
true one) will have one Hemiſphere Sun. 
Mine- light, and the other ſhadowed by the 
ſhining Hemiſphere, you may lee that it is 
Jay in all places that are ſcituate under it, 
for on them the Sun doth ſhine: And that 
it is Night at the fame time in thole places 
that are ſcituated in the ſhadowed Hemi- 
ſphere ;for on them. the Sun doth not ſhine, 

2. Ifin the middle of the enlightned He- 
miſphere you ſet a Spherick Gnomon per- 
pendicularly, it will project no ſnadow, but 
fhew that the Sun is juit in the Zenith of 
that place, that is directly over the Heads 
af. the Inhabitants. 

3. If you drawa Meridian Line fromone 
Pole to the other jult through the middle 
of the. enlighred Hemiſphere, in all places 
under that Line, ir is Noon; in thoſe pla- 
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ces ſcituate to the Weſt it is Morning, for 
with them the Sun is Eaſt; and in thoſe 
Places ſcituate to the Eaſt it is Evening, fot 
with them the Sun is Weſt. 


4. So many degrees as the Sun reaches be- 
vond either the North or South Pole, o 


many Degrees is the Declination of the Sun 
either Northwards or Southwards, and in 
all thoſe places comprehended in a Circle 
deſcribed at the termination of the Sun- 
ſhine about that Pole, it is always Day till 
the Sun decreaſe in Declination ; for the 
dun goes not below their Horizon, as you 
may tee by turning the Globe about upon 
its Axis: And in the oppoſite Pole at the 
ſame diſtance the Sun-ſhine not reaching 


thichep; it will be always Night till the 
Sun decreaſe in Declination, becauſęe the 


Sun riſeth not above their Horizon... 


5. If you let the Globe hang ſteddy, you - 


may ſee on the Eaſt- ſide of the Globe in 
what places it grows Night; and on the 


Welt-fide of the Globe howiby little ard 
little the Sun encroaches uporrt; andithere - 


fore there makes it Dy“. 
6. If you make of Pa 

narrow Circle to begirt che Globe juſt in 
the Equinoctial/ and divide it into 24 equal 


parts to repreſent the 24 Hours of Day aud 


Night, and mark it in order ftom 1, 2, 3, 


to 12, and then begiu again with 1, 2, 3, . | 
0. 


— 
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to other 12, you may by placing one of the 
Twelves upon the Equinoctial under the 
Meridian of your place have a continual 
Sun-dial of it, and the Hour of the Day gi- 
ven on 1t ar once in two places, to wit, 
where the enligh:ned Hemiſphere is parted 
from the ſhadowed both on the Eatt and 
Weſt- ſide of the Globe; much more might 
be ſaid on this ſubject, but the ingenious 
Artiſt may of himſelf find out diverſities of 
other ſpeculations. Tr 
And thus much ſhall ſuffice to have ſpo- 
ken concerning the ule of the Cœleſtial and 
Terreſtrial Globes, and ſo I ſhall return 
from this Digreſſion to my former propoſed 
Method; and ſhew you how molt of thoſe 
formerly mentioned Queſtions of the Sphere, 
or Spherical Problems, pag. 398, may be 
reſolved. voce Hirn 
| SO. 2. 
By Thealers Planiſphere. 


This Inſtrument conſiſts of two Spheres 
or Plains, the lower moſt and fixed, where- 
in is deſcribed three ſeveral Hour - Circles, 
the uppermoſt divided into 24 hours, where- 
in is reckon'd the Right Aſcenſion of the 
Sun or Stars in Hours and Minutes: The 
next is called Aries Hour-Circle, having 
ſtanding bet wixt 24 of the out ward Hour- 
Circle, and 12 in the inward or v 

our- 


ee. 


1 
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„ 1 EX -4 


BOOK III. Of Aſtronomy. 373 
hour-Circle; in this is reckon'd the time of 
the Sun and Stars riſing and ſetting, or 
of the Stars coming to the South: The third 
hour-Circle is divided into twice twelve, 
and in this is reckoned the difference of 
time, and next to this is the Equinoctial 
Circle divided into 360 degrees: In the 
upper moving Sphere or Plain is drawn, 
Firlt, the Circle of Months, placing A- 
ries at the Toth day of March, by which 
means you may there find any day of the 
Month you defire : Secondly, Next to this 
is again placed another Æquinoctial Circle 
divided into 360 degrees. Thirdly, The 
Ecliptick, containing the 12 ſigns of the 
Zodiack, each ſign divided into 30 degrees, 
There is alſo belonging to this moving 
Plain a moving Meridian, I call an Index 
graduated both ways from the Equinoctial, 
whoſe length is equal to the Diameter of 
the Equinoctial deſcribed on the upper mo- 
ving Plain : The other parts whereof be- 
yond what is graduated ſerves to cut the 


Circle of Months, the Equinoctial and 


hour-Circles on the lower Plain as occaſion 
is. Laſtly, There ought to be alſo a turn- 
ing Horizon which may be fitted for any 
Latitude, having two Indexes thereunto 
belonging, a longer and a ſhorter according 


for all Latitudes upon a piece of Paſt- board, 
| draw 


o the Pattern, to make which Horizons 
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draw,2 lines perpendicularly croſſing each 
other in the middle, the length of one of 
theſe Lines make equal to the Diameter of 
the upper Sphere; and upon the other 
Line from the Center mark out the Lati- 
tude, by which means there is found three 
points, now find the Center to thoſe z 
points, and ſtrike an Arch, and cut out by 
that Arch the ane mpegs 


7 R 0 B TL. an o ende 
55002 13 

| How by elit Is e to find the: Drake 

pl ave in the Ecliptick, and Pas Right 1 

fron of * San or any. Srar. 893 


_ Firſt, Bars the upper Sphere vill tubes. " 
or the toth of March ſtands directly again 
Arie, V in the lower Sphere. Then bring 

the moving Meridian to the Day of the 
Month, if your queſtion be concerning the 
Sun; or if it concern a Star, lay the Inder 

upon the Center of the Star (whereofyou 
find many with their Names added upon the 
upper moving Sphere) This done, obferve 
that the Diſtance betwize the Æquinoctia 
on the upper plain, and the Suns place of 
Star, is the Suns or Stars -Declination; 
and the Point or Place cut in the Ecliptick 
at the ſame time by the Index, ſhews the 


Sign, Degree, and Minute, the Sun or Star i 
in; 
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in; being their place or Longitude in the 
Ecliptick : And the Degree and Minute 
then cut in the Equinoctial by the Index, 
ſhews the Sun or Stars right Aſcenſion in 
Degreesand Minutes,and the ſame is ſhewn 
in Hours and Minutes in the: outermoſt 
Hour-Circle of the lower Plain: For Ex- 
ample, the 20th of April the Suns Declina- 
tion is 15 degrees North, his place is 10 d. 
8 n. of Taurus, his Right Aſcenſion 38 d. 
which in time is two Hours, 32 minutes. 
The 17th of Jane the great Dogs decli- 
nation, 16 d. 32 m. his Place or Longitude 
7 degrees of Cancer : His Right Aſcenſi- 
on 98 d. and in time 6 Hours, 32 Minutes. 


To find the Riſmg and Setting of the Sim or 


any Star. 


If che Sun or Star have North Declinati- 
on, bring the longeſt Index of the Horizon 
to 12 Hours in Aries Hour-Circle, which 
will alſo cut 20 degrees of Longitude in 
the EquinoCtial, the Meridian of London: 
But if the Sun or Star hath South Declina- 
tion, then bring the ſhorteſt Index of the 
Horizon to the tame place, and there keep 
the Horizontal Index fail, and if you de- 
ire to know its Riſing, turn the upper mo- 

ving 
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ving Sphere till the place.of the Sun or the 
Star come exactly to touch the Circular 
Edge of the Moving Horizon in the Eaſt 
Semi-Circle of the moving Sphere; or if 
you deſire its ſetting, bring the Suns place 
or Star to touch the Horizon in the Weltern 
Semi-Circle.: Then turn the moving Index 
or Meridian to the Day of the Month, and 
the ſame Index will there thew you the time 
of the Sun or Stars riſing or ſetting in Aries 
hour-Circle : For Example, the 2oth of 
April the Suns place being 10 d. 12 n. of 
Taurus, riſeth at 4h. 48m. in the morn- 
ing, and ſets at 7 Hh. 12 m. in the Afternoon. 
Alto the great Dog the 1oth of March ris 
ſeth at One a Clock, 52 minutes in the 


Afternoon, and ſets at 11 Hours, or 114 


Clock 8 minutes at Night. 
PROBL. 3. 
To know when any Star comes to the South. 


Firſt, Bring the Moving Meridian to 
12 hours in Aries Hour-Circle, and 20 de- 
grees in the Equinoctial, the Longitude or 
Meridian of London: keeping that faſt, move 
the upper Sphere till the Star come juſt to 
the graduated edge of the moving Meridian, 
and there keep the Star faſt, then turn the 


ſaid moving Meridian to the Day of the 
Month, 


— 
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155 Month, and in Aries Hour-Circle the ſame 
at moving Meridian will ſhew you the time of 

: i that Stars coming to the South - So the 

great Dog the iſt of January comes to the 
ace South 11 a Clock at Night; and Orions left 
ru ſhoulder the ſame day at 9 h. 37 m. Cc. 


nd 7. uſe Theakers Planiſphere inflead of a 
58 Nocturnal, or by it to find the Hour of the 
2 Night by any Star which is thereon. © 


0 This may be done two ſeveral ways: 
n. The firſt is the ſame with that deſcribed 
ws (376.) Prob. 3. for to know at what hour 
he any Star comes to the South mult neceſſari- 
any ſhew what Hour it is when that Star 
comes to the South, and confequently any 
other hour may be found by knowing how 
many Hours ſuch a Star is paſt the Me- 
ridian, or ſhort of it : Ard therefore, 

1. Suppoſe 12 Hours in Aries Hour-circle, 
and 204. in the Equinoctial, the Meridian 
of London (which are both one) to be in- 
ſtead of the Flower de luce, or North point 
in a Nocturnal : By help of the Index bring 
the Star on the Inſtrument ſo many hours 
paſt it, or ſhort of it, as the ſame Star is 
paſt or ſhort of the North point in Hea- 
ven: Keeping the Star to that poſition, 
move the Index to the Day of the Month, 
and in Aries Hour-Circle the ſame Index will 
ſnew you the Hour of the Night. 2. Sup- 
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2. Suppoſe J to be inſtead of the Flower 
de luce or the North Point, bring the Sta 
in a due poſition thereunto, and the da) 
of the Month ſhall” point exactly to the 
Hour of the Night in the third Hour- Circle, 
next below Aries Hour-Circle in the Fixed 
Plain: So the firſt of April the bright Stat 
in the Rump of the great Bears Tail being 
upon the Meridian, either of theſe ways i: 
will appear to be of an hour paſt 11. 


Oe. . 


To 152 at what time the Moon, or any of ti, 
lanets come to the South. 1 2 va 


* r 


Firſt, You muſt know the Sign and Degree 
in the Ecliptick which the Moon or Planet 
is in; and bringing the moving Meridian 
or Index to 12 Hours and 20 degrees the 
r of London, bring the degree 
which the Moon or Planet is in to the edge 
of the Meridian, and there keep both fas, 
and then look in the Circle of Months, and 
right againſt the day of the Month in 
Aries Hour-Circle, you will ſee at what a 
Clock that Planet comes to the South; but 
for the Moon you muſt remember to add 
2 Minutes for each Hour, vide Theaker's 
ee. 201 0: en fy, 

Thole that defire to know more of this 

| 9 | lakrument, 
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Inſtrument, I refer them to the ſame Book 
of Theaters, and ſo pats on to ſhew how 
| the moſt of theſe Queſtions of the Sphere 
the way be found. {IF 


ixed rein 


eing 4; an Appendix to theſe things, Concerning 
yS il the Moon, I ſhall ſhew you how to find the 


Moon, place. | 


Multiply the Moons Age by 2, and di- 

vide the Product by 5, the Quotient will 

the ſhew how many Signs, and the Remainder 

or Fraction, fo many times 6 degrees as the 

oon is gone from that ſign and degree 

ree where the Sun is at that prelent: Or more 
net readily by this following Table. 


— — 


— 
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As ſuppoſe the 19th day of June, 1675, at 
oon, you would know what ſign the Moon, 
Mis in: The change was the 12th day, at 8 
Hours at Night; therefore the 1 gth day at 
Noon the Moon is 6 days 16 hours old. 
The place of the Sun and Moon at the 
change was 3 ſigns, 1 degree, o m. the 
Moons motion for 6 days by the Table is. 
2 ſigns, 19 d. 3 m. and for 16 hours, 8 d. 
47 m. the ſum is 55. 28 d. 50 m. that is in 
28d. 50 m. of Virgo, Which is the 5th ſign from 
Aries: The like may be done at any other 
time. So much ſhall ſuffice to have ſpoken 
concerning the Moon. 5 Hes 


SECT „ 
By the Quadrant. 


I ſhall firſt give you a Deſcription of the 
Lines thereupon, and then ſhew you the 
uſes thereof: The double Arch next the 
Center is only for Ornament: The next 
Arch is the Æquinoctial, and the next to 
that repreſents the Tropique ; betwixt 
which rwo Arches is the Line of Declina- 
tion upon the ſide of the Quadrant, con- 
taining 23 d. 30 m. and within are the AZi- 
muth or hour- lines: Alſo Croſswiſe * 

t 
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the Xquinoctial and Tropique is the Eclip- 
tick, containing three of the ſigns, each ſign 
divided into 30 d. or at leaſt ſuppoſed to a 
ſo : Next to the Ecliptick, and joyning 
with it in the Xquinoctial is the Horizon, 


divided; or ſuppoſed to be divided into 404. 


and ending of crolling the Tropick in 33 4. 
m. Next below the Tropick is the Circle 
of Months, which you may know by the 
Letters prefixt : The next Arch below theſe 
is the Quadrant, or that which ferves in- 
ſtead thereof, the Line of right ſhadbws; 
atrd contrary Thadows numbred from i to 
To, and fo back again to 1. RAYS 
And the loweſt of all is the Limb of the 
Quadrant divided into go degrees, and each 
degree into halſs. For the uſe thereof, 
1. The Thread laid on the day of the 
Month, and the Bead jaſt to touch the 
Hour-Line of 12 :atthe {ame time the thread 
will ſhew in the Limb of the Quadrant 
the Meridian Altitude ofthe Sun, and mo- 
ving the Bead from one Hour to another, 
will thew the Suns Altitude atbany Hour 
| Whereon the Bedd refleth, and rhe Head 
amongſt the Hour-Lines will fhew che& Hor 
of the Day. < #d 1: oo : a 45 4 LOS OY 6 
2. How to find phe Homur of the Night by ſane 
principal Stars, ſet upopr taco Qungdraut. 
Hos to place any Star u pom the Quadrant; 


Firit, 


„ rr vas TD G&y 
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Firſt, You muſt know the Stars Declinacion 
from the Xquator, and his Right Aicenſi- 
on from the next Æquincctial Point: As 
the Declination of the Wing of Peg aſus, be- 
ing 13 d. 17 m. His right Aſcenſion 358 d. 
24 M from the firſt point of Aries, ſor nd. 
26 m. (hort of it v1f you draw an occult 
parallel through 13 4. 17 m. And then lay 
4 Ruler to the Center A, and 1 d. 26 m. in 
the Quadrant, the point where the Ruler 
croſſeth the Parallel, ſhall be the. place for 
the Wing of Pegaſus, and ſo for the reſt. 


Stars. R. Aſcenſion Declination. 
Arcturus 30 d. 7 m. J 21d. 6m, 
Lyons Heart ( 32 d. 28 . 025 d. 42 b. 
Bulls Eye | —_ I8m(C 15 d. 46m. 
Aquila ) 60 d. 26 m. 8 de 53m. 
Mei kc gie re zd, . 
To find the Henr of the Night by theſe Start. 
' Firſt; par the Bead to the Star which you 
intend to obſerve, take his Altitude, and 
note how-many H6urs he is from the Meri- 
dian, then out-of the right Aſcenſion of the 
Star take the right Atcenſion of che Sun 
converted into Hours, and mark the Diffe- 
rence; for this difference being added to 
the obſerved Hour of the Star froh the Me- 
ridian, ſſtalf hew how many Hours the Sun 
is gone from the Meridian, which in effect 
is the Hour of the Night: As for Example, 
the 9th of July the Sun beingtheniwas d. 


- 
- 
« 
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of Cancer, I ſet the Bead to Oculus Tapri, or 
the Bulls Eye, and obferving his Altitude, 
ſhould find him to be in the Eaſt about 12 
degrees high, and the Bead to fall on the 
hour- line of 6 before noon, which is 18 
hours paſt the Meridian, (or paſt 12 at 
Noon) The hour of the Night would be 


better than a Quarter paſt to of the Clock 
in the morning. For 118 d. the Right Aſ- 


cenſion of the Sun converted intoſtime, make 
7 h. 52 m. this taken out of 4 h. 15 m. the 
Right Aſcenſion of Oculus Tauri adding a 
whole Circle (or 24 hours) for other wiſe 
there could be no ſubſtraction, the Diffe- 
rence will be 20 h. 23 m. and this being ad- 
ded to 18 hours, which was the obſer ved 
Diſtance of Oculus Tauri from the Meridian, 
ſhews that the Sun(abating 24 hours for the 
whole Circle) is 14 h. 23 m. paſt the Meri- 
diang- and therefore 28 m. paſt two of the 
Clock in the morning. 


3. At what Hour the Bead toucheth the 


Line of Declination, that is, the Hour of 
the Suns riſing or ſetting; And bring the 
Bead to the Horizon, and the Degrees cut 
in the Limb is the Aſcenſional Difference. 
4. The Degrees cut by the Bead in the 
Line of Declination, ſhews the Suns Decli- 

nation for that Day. 
5. The Bead brought to the Eeliptick 
ſhews the Suns place. 
5 | 6. Brought 
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5- Brought to the Horizon ſhews the 
e, Amplitude, which is always North when 
2 the Sun ts in Northern Signs, and South 
ie ©} when the Sun is in Southern. 
8 6. The Bead ſhews the Azimuth, the 
at ¶ thread being laid to the Suns Altitude. 
X 7. The Thread laid to the Suns place, it 
E ſhews in the Limb of the Quadrant his right 
Aſcenſion. | 
e 8. Moving the Thread backwards from 
e the Line of Declination towards the hour- 
4 FF line of 12: It ſhews in the Limb the degrees 
le Nof the Suns Depreſſion under the Horizon 
„at each hour, and conſequently when it is 
18 degrees under the Horizon it ſhews the 
d I beginning of day-break, and end of twi- 
„ light. 
ic Thus you ſee all theſe Aſtronomical Que · 
'- I ſtions are eaſily and ſpeedily reſolved by 
© the Quadrant, but obſerve that cheſe Qua- 
drants do ferve only for ſome particular 
© IF Latirudes. | 
tf As an Appendix I ſball add the itogentous 
© Fuſe of the Quadrat upon the Quadrant, 
and fo conclude this Point: This which is 
called the Quadrat is ſupplyed in a Line 
© drawn next above the Limb of the Qua- 
drant numbred from i to 10 in the middle, 
and ſo back again to 1, (as in the Deſcrip- 
tion,) whereof the former part are called 
8 Right 
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Right ſhadows, and the latter to the right 
hand are called contrary ſhadows, and by 
theſe you may find an Height by a known 
Diſtance, or a Diiiance by a known Height. 
And for performing hereof rake theſe Rules 

1. If the thread fall in a right ſhadoy, 
as 1cois to the parts on which the Thread 
falleth, fo is the Diſtance to the Height re. 
quired: Or, as the parts cut by the I hread 
is to 1Co, lo is the Height to the Diſtance 
required. wn] Mts > 

2. If the Thread fall in a contrary ſha: 
dow, as the Parts cut by the Thread are 
to 100, ſo is the known diſtance to the 
Height required - Or, as 1co is to the part 
cut by the Thread, ſo is the known Height 
to the diſtance required, To make this 
more plain, if the thread fall on 100 parts 
which is denoted by 10 in the Quadrant, « 
on 45 degrees in the Qpadrant; the Height 
is equal to the diſtance above the Level ol 
your Eye: If it fall on 50 parts of Right 
| thadow, the Height is half the diſtance, i 
it fall on 25, it is 3 quarters of the di 
ſtance: Bur if the Thread fall on 50 part 
of contrary ſhadow, the Height is double 
to the diſtance; If on 25, it is 4 times thi 
diffance, and the like of the Reſt. 148 
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Ighe — — xi; * 
Ml. CH AP. VIII. 
gbr U to return to my propoſed Method, 
0 having ſhewnyou how thele Spherical 
en Problems or Queſtions of the Sphear may 
be eaſily and readily reſolved by thoſe Ar- 

tificial Projections of the Globe, the Planie 
ſphere, and Quadrant, and by way of Di- 
greſſion, having added tlie other uſes alſo 
of chele Inſtruments, I come now in the laſt 
place to ſhew how theſe Queſtions may be 
reſolved by Projection of the Sphere in plano. 
And to do this, 5 

1. I ſhall ſhew you how to Project the 
Shere in plano. | 4 
2. How theſe Spherical Triangles do na- 
forall lye in the Sphere it ſelf: Thus Pro- 
jected. 3 

3. How the Sides and Angles of theſe 
Spherical Triangles may be meaſured in 
the Projection by a Line of Cords only, 
whereby thele Queitions are molt ingeni- 
ouſly reſolved. 


— — end 


— 
— 


* 


a SECT. 1. 
How to Project the Sphere in plano upon the 
Plain of the Meridian. 


I might ſhew you ſeveral ways of Pro- 
9 jecbion 


— 
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jection, as that which they call the Ana- 
emma, which is by drawing (lraight lines 
from one fide of the Circle to the other, 
aid thus you will find it projected by Mr, 
Norwood in his Seamans Companion, and in 
Brewn, pag. 40. Allo in Mr. Gunter very in. 
geniouſſy: But that which is moſt general- 
ly uſed is the Stereographick Projection, 
uſed by Gemma Friſius, Which you will al- 
lo find in Brown, p. 142, and in Philips Geo- 
metrical Seaman, pag. 75, which is the way 
vied in Maps of the whole World: But 
that which includes all the reſt in ſome re- 
ipect, and which is molt ſutable to my pre- 
ſent pur poſe, is that Projection of Mr. Ley- 
vurns in his Geometrical Exerciſes, pag. 122. 
which I here follow, being to be done by a 
Line of Chords only, and upon which. Pro- 
jection by the interſection or croſſing ol 
the ſeveral Circles thereof, are conſtituted 
divers Spherical Triangles : By reſolving 
of which, moit of theſe fore-menrtionea 
Aſtronomical Queſtions of the Sphere may 
with ſpeed and exactneſs, as alſo with much 
pleaſure and delight be reſolved, 
Firſt then, Take 60 Degrees or Radius 
from your Line of Chords, and with that 
diſtance upon the point A, as a Center de- 
ſcribe the Circle Z HNO, repreſenting 
the Meridian (within which all the reſt are 
to be projected) and croſs it with the two 
Diame- 


Rö 
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Diameters HAO, and Z AN, the former re- 
preſenting the Horizon, the latter the Ze- 
nith and Nadir, or the prime Vertical. 
Secondly, (Becauſe the Latitude of the 
place for which you draw your projection is 
51 d. 30 m.) Take 51 d. 30 mn. from your 
Line of Chords, and fer them upon the Me- 
ridian from © to P, and from H to'S, and 
draw the Line PAS,the Axis of the World P 
ſignifying the Norch Pole, and 8 the South 
Pole: Alfo with the ſame diſtance-ſet off 51 
d. 30 m. from Z to E, and from N to «, 
and draw the line X Az for the Equinoctial. 
Thirdly, Take 23 4 30 m. the Suns 
greateſt Declination, and allo the Diſtance 
of the 2 Tropicks from the Equinoctial, 
and ſet them upon the Meridian from Z to 
S, and from X to”; and allo from æ to 
S, and from & to: This done, draw 
a right Line *® A W between the two Tro- 
picks, touching the Tropick of Cancer a- 
bove the Horizon, and the Tropick of 
Capricorn below the Horizon, and this is 
the Ecliptick: Then take 23 d. 30 m. out 
of your Line of Chords, and ſet them from 
P to Q, and from S to R, and draw the 
Line QR the Axis or Poles of the Ecliptick, 
Now to divide the Ecliptick into ſigns and 
degrees, take 60 d. from your Line of 
Chords, and ſet them from Q to t, and 
from Qto 3: Allo ſet the ſame diſtance 
| S 3 from 


on” 
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from © to 2, and from s to 4; this done, 

lay a Ruler to the Pole R, and the figure 

r, it will cur the Ecliptick in the point l 

and N: The Ruler laid to R and 2 wil 

cut it in the points V and , and laid to 

Rand 4 in m and &; and laid to R and 
3 in 1 and , And if you divide eve. 
ry of the ipaces S, 1, 12, 22, Q4;4 3, 
and 3 ½ into 3 equal parts, each part wil 
contain 19 degrees, and a Ruler laid to 
each of them, and the point R ſhall give 
you the points upon the Ecliptick anſwer- 
ing to the 10 degrees of every ſign, and in 
the ſame manner you may put on every de- 
oree. Thus you have drawn the Meridian 
Horizon, the prime Vertical, the Axis of 
the World, and the Equinoctial, the Axis 
of the Ecliptick, and the Ecliptick, al 
which are ſtreight Lines : Now we come to 
draw thoſe which are Circular, or Arches 
of Circles; and before you can draw theſe, 
the Centers of thoſe Circles muſt be found 
out: Now I ſhall ſhew you two ways of 
finding out theſe Centers: One of thele is 
Mr. Phillips in his Geometrical Seaman, ol 
this manner, divide the Meridian into de- 
grees in 4 Quadrants, and keeping one end 
of your Ruler fixed at the Point at Z. Lay 
the other end to the ſeveral degrees, in-the 
lower Semi- circle HNO, ſo you ſhall divide 
the Diameter HO into 9 parts, "—_—_ = 
"half 
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half Tangents, In the ſame manner, if you 
"--p one end of your Ruler, fixed at the 
ae point H, and Jay the other end to the ſe- 
OW eral degrees of the Semi-Circle ZON. You 
vill may divide the Diameter ZN into 9 1 
to parts, which are half-Tangents. Now 
nd having thus divided the Diameters, they 
Ve. muſt guide you in drawing of the Meridi- 
„ans, and Parallels which are all parts of per- 
i ect Circles: And you may fud their Cen- 
to ters by<hele three points. Firſt, for the 
wen Meridians, they all concur in both the 
er Poles, and their third point is their corre- 
iu pondent degree in the oppoſite Diame- 
le. ter, and for the Parallels, two of their 
"MF points are their degrees in the outward 
of Circle, and their third point is their corre- 
© pondent degree in the oppoſite Diameter : 
al Further, you muſt know that the Centers 
to do all lye in the Diameter Lines, extended 
ei beyond the Circle, (if you ſeek for the Cen- 
le rer of a Meridian exceeding 45 degrees 
naß for the Diameter being divided into half- 
ol Tangents, if for every degree you account 
12, beginning from the Center A, ſo you ſhall 
have the Centers of the Meridians, and if 
you ſet one foot of your Compaſſes in that 
Center, and open the other to the Point 
Z or. N, it will. paſs through the Correſpon- 
dent degree iu the Diameter H. O. As for 
Example, if you would draw the Meridian. 
S 4. 2 GN, 
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ZGN, which cuts the Diameter in 32 de- 
grees, HCG, count from the Center towards 
O, double to many degrees as is betwixt H 
and G, which is 64 degrees, and that is 
the Center to the Meridian, Z. G. N. viz. 
W. The like is to be done for finding the 
Centers to the Parallels, as you may eaſily 
apprehend : Bur if any of theſe Centers fall 
io far without the Circle, that your Com. 
paſſes, will not reach them, there is an In- 
itrument' call'd a Bow, which by help of 
one or more {crews may be extended to 
touch any three points which lye near in a 
ſtraight Line; or a Ruler bridled may do 
the tame if it bend equally. | 
This way of Mr. Phillips finding the Cen- 
ters | cannot but applaud as very ingenious, 
but do prefer that of Mr. Leyburns, which is 
thus : Upon a long piece of ſtiff paper de- 
{cribe a Quadrant as ABC, and upon the 
point C erect an exact perpendicular. Let 
the Quadrant be divided into 90 degrees, 
and conſider how many degrees the Arch of 
the Circle (whole Center you ſeek) is di- 
ſtant from the Meridian or outward Circle, 
and a Ruler laid from the Center of the 
Quadraut by ſo many degrees in the Limb 
thereof to cur the perpendicular, where the 
Ruler cuts the perpendicular make a prick 
or 62arl, and the diſtance betwixt the ſaid 


mark and the Center of the Quadrant A 


ſhall 
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ſhall be the Semidiameter of the Circle 
ſought: To make this plain by thele fol- 
lowing Examples, Firit, for the Tropicks, 
whole Diſtance from the Equinoctial is 23 4 
30 mn. lay the Ruler to the Center ot the 
Quadrant A, fo as it cut 23 d. 30 m. from 


the point B in the Limb at 5, and cuts the 


perpendicular at g, the Dinance A g, or 
che Line A fg taken in your Compaſſes, and 
letting one foot upon the Polar Line ex- 
tended till the other foot jutt reach the 
Equinoctial at E.; draw an Arch of a 
Circle, and it (hall be one of the Tropicks, 
29 S1 S the Tropick of Cancer, and Y þ wv 
the Tropick of Capricorn: The like may be 
done by any other parallel of Declination, 
or Latitude, whether they fall nearer or 

further off the Equinoctial. N 
Another Example take in the Hour - Cir- 
cle PBS, Which is diſtant from the Meridian 
62 d. 46 m. wherefore take 62 d. 46 m. from 
your Line of Chords, and ſet them from 4 
to b, then laying a Ruler from P to b, it 
will cut the Equinoctial in B, through 
which point the hour-Circle of 62 4 46 W. 
muſt paſs. To find the Center belonging 
to this hour-Circle, lay your Ruler to the 
Center of the Quadrant at A, and let it 
pals by 62 d. 46 m. in the Limb: From the 
point C it will cut che perpendicular in M, 
therefore taking the Diitance in A in your 
| 8 | 85 Com- 


. 
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Compaſſes, and ſetting one foot in the 


Equinoctial extended, and with the other 
jult to reach P or 8, ſtrike an Arch of a 
Circle, and it will cut PBS the Hour-Cir- 
cle of 62 d. 46 m. The like may be done in 
any other Hour-Circle, or Azimuth-Circle, 
Parallels of Declination, Circles of Alti- 
rude, or any other whatſoever ; only ob- 
ſerve, that ths Centers of all Hour-Circles 
fall in the Equinoctial Line A A « extended, 
the Centers of Azimuth-Circles in the Ho- 
rizon HAO extended, where need is: The 
Centers of the Tropicks, and Parallels in 
the Axis of the World PAS, and the Cen- 
ters of the Circles of Altitude fall in the 
prime Vertical Circle EAW. 
Laſtly, As every Circle in the Projection 
hath its proper Center, ſo hath it allo its 
proper Pole. For the finding whereof, 
note that the Pole of a great Circle is 90 
degrees, or a Quadrant diſtant from the 
Circle ir ſelf upon that Line which cutteth 


the Circle at Right Angles : Thus the Poles 


of all che Hour-Circies are upon the Equi- 
noctial: The Poles of all the Azimuth Cir- 
cles upon the Horizon, &c. Now if you 
would know the Pole of the Hour-Circle 
PDS,lay a Ruler upon P and D, and it will 
cut the Meridian-Circle in e: Then take 
go degrees from your Line of Chords, and 
iet them from e to 5, a Ruler laid from 
to 
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to /, will cur the Equinoctial in Y, ſo is Y 
the Pole of the Hour-Circie PDS, the lame 
Rule is to be obſerved in finding the Poles 
of the Azimuth-Circles: As if you would 
find the Pole of ZGN, lay a Ruler upon £ 
and G, it will cut the Meridian Circle in g, 
then ſet go degrees of your Chord from g to 
d, fo a Ruler laid from Z and d will cut the 
Horizon HAO in the point ©, which is 
the Pole of the Azimuth- Circle ZGN ; and 
by the ſame manner of work you may find 
the Poles of all the ret. As of PDS is V, 
PCS,V; PAS, A or &>, PBS: ZGN,© ; LAN, 
H or O; ZFN, T; Z®N, G; HAO, Z 
and N; XA+zPandS; 0 AV, Qand R; 
And thus much ſhall ſerve to ſhew you how 
to Project the Sphere in plano, and how to 
find the Centers and Poles of all the Circles. 


SET 


In the next place I come to ſne you how 
the fore mentioned Queſlions of the Sphere 
may be tpeedily and exactly reſolved by the 
Retolution of ſeveral Spherical Triangles 
which naturally lye within the Sphere be- 
ing thus projected: And of theſe in this 
following order: Having before ſnewn you 
how to mealure the ſide or Angle of any 
Spherical Triangle, pag. 344, 345: | 


PROP. 
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| . f. 

The Diſtance of the Sun from the neareſt equi 
ncctial Point (either Aries or Libra) given, 
to ud his Declinat ion. 


lu the Projection this Propoſition is to be 
r£tolved upon the Triangle Al =; where- 
in you have given, 1. The Side A 59 ad. 
the diſtance of the Sun from the neareſt 
Equinoctial point Libra. 2. The Angle 
Af, 23 d. 30 m. which is the Angle that 
the Ecliptick makes with the Equinoctial, 
and is always equal co the greateſt Decli- 
vation of the Sun, and you are to find the 
ſide k&®, which to do by the Projection. 

Lay a Ruler upon the Pole of the Circle 
R#Q (which is at &) and the point K. it 
will cut the Meridian in the point : Alto 
lay a Ruler from to „ it will cut the 
Meridian in the point Y, to the diſtance Ml 
being meaſured upon your Line off 


/ 


an SS Stead 4A ww 


Chords, will contain 20 degrees, the Suns 
Declination, he being in 29 d. of =, 


2 4 r 
To find the Latitude, or the Side PO of the 
Triangle OO. A 2 


You need do no more when you are to 
meature any ſide of a Triangle, which lies 
in 


he. 
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in the Meridian it ſelf, chan to take the fame 
ſide in your Compaſſes and meature it up- 
on your Line of Chords, as in this Propoſi- 
tion. Take in your Compaſles the Difiance 
from O to P, and meaſure it upon your Line 
of Chords, and it will be found to contain 
51 4. 30 m. the Latitude required. 


FX OF: — Jo 


The Latitude of the place, and Declination of 
the Sun given, to find his Amplitude. 


This Propoſition may be reſolved by two 
leveral Triangles, one is POO, the other 
ADB. In the firſt you have given the ſide 
PO the Latitude, and P © che Comple- 
ment of the Suns declination, and you are 
to find O. To do this by the Triangle, 
AO B, lay a Ruler upon Z, (which is one 
of che Poles of the Horizon) and to the 
point © it will cut the Meridian Circle in 
d, and laid from Zto A, it will cut the Na- 
dir point in N; fo the diſtance NA will be 
found 33 d. 20 m. The Amplitude ** 
Suns Riſing or Setting from the true Eaſt or 
Weſt points of the Horizon. In the Tri- 
angle A®B, you have given DB the Suns 
Declination 20 4. The Angle ©AB, the 
Complement of the Latitude 38 4. 30 m. 
and you are to find the fide OA as above. 


For 
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For finding the fide ©O in the Triangle 
P ©O, lay a Ruler to Z, the Pole of the ] 
Horizon, and the point , and it will cut 
the Meridian Circle in D, to the di ance : 
40 meaſured upon your Line of Chords, I 
will contain 56 d. 40 m. which is the Am— ö 
plitude of the Suns Riſing or Setting from 
the North point of the Horizon. 1 


„„ a 

The Suns greateſt Declination, with his Di- 0 

ſtance from the next Equinoctial point being 
given, 10 find his Right Aſcenſion. 


The Triangle A ® reſolves this propo- 7 
fition, wherein you have given, 1. The fide 
A the di ance of the Sun from Libra. 
2, The Angie Al the Suns greateſt Decli- 
nation, and the right Angle at , and you 
are to find Ak the tide of the Triangle, Lay 
a Ruler toPand &, it will cut the Meridi- 


| an in , and lay it again to P and A, it cuts l 
a the ſame in 8, lo the Diitance Ss will be Ip 
F found 56 4. 50 m. the Suns Right Aſcen- , 
| { 
. ſion. 0 
8 X OP. 5. 0 
. The Latitude and Declination given, to find 2 
4 the Aſcenſional Difference. 1 v 
1 This is reſolved in the Triangle ADB, a 


—— 


wherein you have given, 1. The fide * 5 
the 


— — 
4 — - — 2 = 
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the Suns Declination 20 d. 2. The Angle 
© AB, the Complement of the Latitude 
38 4. 30 . and the Right Angle ar B, and 
you are to find the fide AB. Lay a Ruler to 
p, the Pole of the World (and allo of the 
Equinoctial) and the point B, it will cut 
the Meridian Circle in the point b, the di- 
ſtance b. s, meaſured, will be 27 d. 14 m. 
the Aſcenſional difference, which is ſo much 
as the Sun Rileth or Setteth before or after 
ſix a Clock, © 


„ 


The Latitude, Declination, and Altitude of 
the Sun given, To find the Suns Azimuth 
either from the Eaſt, North, or South points 
of the Horizon, erde es 


That which is moſt difficult and intricate 
to perform by Numbers, is by Projection 
effected, with the ſame eaſe as any of the 
reſt : As in this propoſi ion it is the Angle 
EZ P, in the Triangle ZEP, which is here 
required: Lay a Ruler upon Z co the point 
G upen the Horizon, the Ruler thus laid, 
will cut the Meridian in G, ſo the dillance 


* 


g. O. meaſured upon the Line of Chords, 


will be 146 d. which is the Suns Azimuth 
from O the North part of the Meridian, 
and from to H 34 4. which is the Azimuth 
from H the South- part of the Meridian, 

and 
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and from g to N 56 d. which is the Azimuth 

from A, the Eaſt and Weſt point of che 

Horizon. 
7. 


The Latitude, Declination, and Altitude 9 
the Sun given, to find the hour of the day 


This Propoſition is performed by re{oly. 
ing the Triangle Z Pa, where you are t 
find the Angle Z PA: Wherefore lay a Ru- 
ler from the point P, to the point 4, and 
it will cut the Meridian in t, ſo the Arch r 
will be found 95 d. 52 m. which is the hour 
from the Meridian: The Archer & being 
meaſured, will contain 84 d. 8 m. which is 
the hour from midnight: Alſo the Arch es 
being meaſured, will contain 5 d. 52 m. the 
hour from fix. | 

This TriavgleZP 4 is compoſed of Z 
an Arch of the Meridian Z a, an Arch of an 
Azimuth Circle, and of P a the Arch of an 
hour-Circle. 


PR O P. 8. 


The Declination, Altitude and Azimuth of 
the Sun given, to find the hour of the day. 


The Triangle ZEP in the projection re. 
ſolves this Problem, wherein there is give: 
9 | mn. 1. EP 


my wi Fr 


Ry 3 yy, 1949 


— 
»- 


r 
1 


_— 2 
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1. EP, the complement of the Suns Declina- 
tion 70 d. South. 2. The ſide EZ the com- 
plement of the Suns Altitude 78 d. And 3. 
The Angle EZP the Suns Azimuth from the 
North. The Angle ZPE is to be found to 
aniwer this propoſition : Therefore lay a 
Ruler to the Pole P, and upon the point D 
in the Aquinoctial, and it will cut the Me- 
ridian in e. The diſtance e E being mea- 
ſured, will give you 35 d. 36 M. the hours 
from Noon which in time is 2 h. 22 m. 
Many more propoſitions might be added, 
which I leave to the ingenious practitioner 
to find out ; who may frame his Projections 
ſo as to anſwer any other Queſtions of the 
Sphere, but ſeeing we are upon this laſt 
Propoſition, viz, of finding the hour, I 
ſhall here add a few things concerning Di- 
alling, and fo conclude this Treatiſe. 

But (by the way) to give you ſome Geo- 
graphical Propoſitions as well as Aſtrono- 
mical by way of Projection, and thereby to 
make it repreſent as well the Terreſtrial as 
Celeſtial Globe. I ſhall here ſhew you, 


How to find the Diſtance betwixt any 2 places 
by the Arch of à great Circle in Projection, 
howſoever diſtant from one another. 


1. Draw a Circle, which may be foppo. 
| le 
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{ed to be the firſt Meridian, (which is rec- 
koned from the Iſlands of Azores) crois this 
Circle through the Center with a Diame- 
ter, which is to be ſuppoſed the Equinocti- 
al; if the two places differ only in Longi- 
tude, the Diſtance is to be meaſured upon 
the Equinoctial, or ſome other parallel: 
If they differ in Latitude only they are to 
be meaſured upon a Meridian; if they differ 
both in Longitude and Latitude, the Di- 
ſtance muſt be meaſured by drawing an 
Arch of a great Circle to pats through 
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both the places: And to meaſure any of 
thoſe Diſtances, you muſt find the Pole to 
the great Circle which paſſes through both 
places: 


— 


my © 


me wes # Ya tac feed ©5 Oo fad 
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places: How to do this, you have ir elſe- 
where taught pag. 345 : Then laying a Ru- 
ler to the ſaid Pole, and firit to one of the 
places, and afterwards to the other, and 
marking at each time where the Ruler cuts 
the Meridian or outward Circle: The fame 
diſtance raken in your Compaſſes, and mea- 
ſured upon your Line of Chords, gives in 
Degrees and Minutes the Dittance betwixt 
the rwo places, which you know being mul- 
tiplyed by 20, brings it into Leagues, or 
by 60 into Miles: I ſhall only give one Ex- 
ample for all: Suppoſe you would know the 
Diſtance betwixt the Cape of Good Hope, ly- 
ing in the Latitude of 40 d. South, and in 
Longitude 50 d. and Mallibrigo lying in 264. 
of North Latitude, and in 180 d. of Longi- 
tude you will find their diſtance to be 140 4. 
or 475 7 * by Projection thus, (H. T. E. 
F. K. D. 

Firft, draw the Circle, and from the ſame 
Line of Chords by which you draw the Cir- 
cle take 26 d. for the Latitude of Aali brigo, 
and ſet it from æ upwards, and becauſe the 
Longitude is 1804. there you muſt place it 
in the Meridian at T. which ſignifies Malibri- 
go. Now to place the Cape of Good Hope accor- 
ding to its Laritude and Longitude, do thus: 
Draw a Parallel of Latitude of 40d. vix. DE, 
and a Meridian of 504. (H. G. F.) for the Lon- 

. 9 | © gitude 
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gitude where theſe 2 interſect each other, 
is the place you deſign( the Cape of good Hope) 
there make a mark at V, and with the lame 
Radius wherewith you drew the firſt Cir- 
cle, find a Center which will cut J and V, 
which you may eaſily do by drawing a Line 
to paſs exactly in the middle berwixt T 
and V, when that is done, you mutt find the 
Pole of the ſame Circle at R, and laying a 
Ruler from the Pole R to V, it will cut 
the Meridian in K. Laſtly, Meaſure the 
Diſtance T K, and that gives you the de- 
grees that one of the places is diſtant from 
the other. 

Thoſe that deſire to be informed more at 
large concerning finding theſe Diſtances, | 
refer them to M .Leyburn, his Eighth Geo- 
metrical Exercif? „ pag. 131. 

What is here ſaid concerning finding 
theſe Diſtances, the ingenious may apply to 
Sailing by the Arch, of a great Circle; but 
I ſhall leave that to the Readers own Study 
and Improvement. | ADE 


To know how many Miles any place is diſt ant 
From you, in whoſe Zenith the Sun, or any 
Star is at the ſame tim. 


Take the Altitude of the Sun, which ſup- 
poſe 53 d. from your Zenith; and with Mr. 
Norwood account 69 Miles in a degree, mul- 
tiply 53 by 69 makes - 3657, and ſo _— 

miles 
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Miles it is between the place where I now 
am, and the place in whole Zenith the Sun 
was at that time, and by this means you 
may know how far it is to any place over, 
which the Sun or Star is at any time. 


— 


C H A P. IX. 
Of Dialling. 


HE whole and compleat Art of Dialling 
is a ſubject ſufficient for a Treatiſe a- 
lone, and you will find ſeveral Authors 3 
writ whole Books concerning the fame, I 
ſhall confine my ſelf within * compaſs of 
the ſe few eons which are left me; bur 
what ſhall be ſaid | hope will be plain and 
perſpicuous to auy ordinary Capacity: Bre- 
vity land withal perſpicuity being the Mark 
aim at all along in this little Treatiſe, 
There are many Denominations and Di- 
ſtinctions given to Dials, as Horixontal, Ver- 
tical, Polar, Equinottial ; Ereft, Direct, In- 
dining, Declining, and Reclining, every way 
Eaſt, Weſt, North, and South, and many 


more, bo th Fixed and Pendulant : Plain and 


Globular within doors and without : Ir is 
not my intention to {peak to theſe particu- 
larly, but ſhall only ſhew you how to make 
an Horizontal, and an Erect, Direct South 
Dyal, which are moſt uſual,and moſt uſeful. 

SECT. 
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To draw an Horizontal Dyal by the Globe, 


I have ſhewed you pag. 374, how to make 
the Globe it ſelf a Dyal,and by conſequence 
any round Ball : I ſhall now ſhew you how 
to make an Horizontal Dyal by the Globe. 

Firſt then,prepare your flat Dyal-ground 
parallel to the Horizon, and thereupon 
draw a Meridian, which muſt repreſent the 
direct North and South, and croſs the fame 
at right Angles, which mult repreſent gde 
Eait and Weſt, The firſt of which Lines 
is the 12 a Clock Line, the latter ſhews 6 a 
Clock both Morning and Evening; then 
making the Interſection of theſe Lines the 
Center, deſcribe a Circle on the PDyal. 
ground to what diſtance you plealc,. aud 
divide the ſame into, 360 d. (as all otheg 
Circles are) and ſubdivide the ſame. into ay 
many lefſer parts as you can: Being thus 
prepared, you are to find the diſtances of 
the Hour · Lines in this Circle for any Lat 
tude of place, which to do, let the Globe 
be ſet to the Latitude deſigned, and then 
make choice of ſome of the great Circles in 
the Globe that paſs through the Poles oſ 
the World, as for Example (the Aquinociir 
al colure) and apply the ſame to the Bra. 


zen Meridian, in which ſcituation it repre: 
ſents the Subſtile or 12 a Clock Line, or Me- 
— | 


„ 
rin 
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ridian Line (call it which you will) then 
turning about the Globe towards the Weſt, 
till 15 degrees of the Xquator have paſſed 
through the Brazen Meridian: You muſt 
mark the Degree of che Horizon which the 
ſame quinoctial colure croſſes, for that 
point will ſhew che Diflance of 1 and 11 
a Clock from che Meridian or 2 a Clock- 
Lins: Then turn. g again the Globe for- 
wards till other 15 degrees of the Æquator 


do pals the Meridian, the ſame colure will 


point out the diſlance in the Horizon of the 
hours 10 and 2 from the hour of 12, and in 
the ſame manner you may find out the diſtan- 
ces of all the reſt of the hour- lines from 12 in 
the Horizon; bur note that the beginning of 
theſe diſtances mult be accounted from that 
part of the Horizon on which the Pole isele- 
vated; Now theſe Diſtances of the hours 
being thus noted in the Horizon of the 
Globe, you muſt afterwards tranſlate them 
into your plain allotted for your Dial- 
ground, reckoning in the circumference of 
it ſo many degrees to each hour as are an- 
ſwerable to thoſe pointed out by the colure 
in the Horizon : Laſtly, having thus done, 
the Gnomon or Style muit be erected, where 


note that the edge of the Gnomon, which 
is co ſhew the hours by its ſhadow in all 


kind of Dyals, mult be ſer parallel to the 
Axis of the World: That ſo it may make 


a1 


* 
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an Angle of Inclination with its plain 
ground equal co that which the Axis of the 
World makes with the Horizon, and that 
the Style is to ſtand directly North and 
South, and in the Meridian Line is a thing 
fo commonly known, that it were needlels 
to mention it. 

Now if you would make an Erect Sou th 
Dyal, know, That which is an Horizontal 
Dyal in one place, will be an Erect South- 
Dyal in another: As ſuppoſe you would 
make an Erect Dyal for the Latitude of 52: 
This is nothing elſe, but to make an Hori- 
zontal Dyal for the Latitude of 38 d. And 
if you make an Erect Dyal for the Latitude 
of 27 d. the ſame will be an Horizontal Dy- 
al for the Latitude of 63 d. and the ſame 
proportion is to be oblerved in the reſt ; 
and hence it appears that an Horizontal 
Dyal and a Vertical are the ſame at the La- 
titudes of 45 d. But thus much ſhall ſuffice 
to have ſpeken concerning drawing Hour- 
Lines by the Globe in an Horizontal or an 
Erect South-Dyal. 

he SECT. 2. 
The Analogy or Propoſitions to find them by 
are theſe. 
. 001. a 
For an Horizontal- Dyal. 
As Radius or the ſine of 90 d. is to the 
ſine of the Latitude (ſuppoſe 51 4. you 
| 0 


e 


0 
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So is; the Tangent of the hour, (v:z. 15 d. 
which makes an hour in the Equinoctial.) 


To the Tangent of the Hour-Line from the 


Meridian, (viz. the diſtance of the hour 
of 1 from 12) whichin this Example is 11 4, 
zi m. ; and ſo is 30 d. the Tangent of two 
Equinoctial hours to the Tangent of the di- 
ſtance from 12 to 2, Cc. 
„ 
For an Erect-South Dyal. 

As the Radius (90 d.) to the Co- ſine of 
the Elevation (in this Example 38 d. 30 m.) 
So is the Tangent of any hour given, (ſup- 
pole 15 d. for the hours 11 and 1, or 30 4. 
for 10 and 2.) to the Tangent of the hour- 
feud (or to the true Diſtance of the hour- 

ine) from the Meridian, (which in this 
Example is 9. 28, and 19. 46, Cc.) 
ne bn Se CT: 4 
Here follows a Table taken out of 


Seller, ſhewing the diſtances of the Hour- 


Lines from the Meridian in ſeveral degrees 


of Latitude, botk for an Horizontal, and 
allo a South Erect Dyal, as in the Latitude 


54 the diſtance from 12 to 1is 12 d. 41 m. 
from 1 to 2 is 25 d. 2 m. and ſo of the reit 
in an Horizontal plain: But in an South 
Erect Dyal the Diſtance from 12 to 1 is 8. 
56 from 1 to 2, is 18. 45, and fo in an 
other Latitude you will find the degrees 
anfwering to each hour, v hich is very rea- 
Ha WWE. Gy 


muſt 
ual to 


in theſe Degrees of Latitude. 


A Table ſhewing the Viſtances of the Hour-Lines from the Meridian 
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Theſe Tables of Mr. Kellart are for an Horizontal Dyal, for Latitude 
34 to 4, and from 50 to 59: The Complement whereof is for an 
Ere& Direct South-Dyal in ſuch places of Latitude as is the Com- 
plement thereunto, as from 31 to 40, and trom 50 to 56. This 
called by Sellar Ta bular Dyalling, eaſieſt of auy other, 
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7 - 
2 — —— - IA — 
— — < —— — 2 — 3 3 
— <a — — 
1 


1 56, 


117-52 


136 04 


35+ 


34. 
| 2.05 
4.12 
6,20 
8.31 
10 43/11 0 
13. 2 
15.22 


20 27 
2 3. 9 
26.03 
29.11 


32.31 
39. 55140-36 
44.057 
48.3449. 
53285405 
58 4259 21 
"4 2064-53 


- 


Io. ooo 00 


$4- 
36. 


2.12 
4.25 


— 


37. 


215 
4.31 


532 


13.41 14.19 
6116, 8 16.29 


36-46] 
44-49] 


— — — 


70 2379.17. 1771.36 
76.4477. 377.22 77-38 


6,40] 6-49 
8.57 9-0 


11.31 


— 


11.16 


184419, 


54-46,55-24 
59-59/60-33 
65.27 65.56 


50.00 50.395 


| 83.1883-2883.38 83.47 83-55 
20 00 90 00 Yo 00190.00'90.00 


$I, } 30. | 


39. 
121 


4-43 
1:07 


72.05 
77.3 


84.03 


ö 
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To draw an Horizontal Dyal by this Table 
for 54 d. Latitude. 


Firſt, Take with your Compaſles from a 


Line of Chords 60 d. with that diliance de- 


ſcribe a Circle, croſs that Circle thorough 
the Center with a Diameter for a Meridi- 
an Line, and croſs that at right Angles for 
the hour of 6, then conſider for what Lati- 


tude you draw the Dyal, which in this is. 
54, look for 54 towards the left hand of 
| T 3 | this 
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this Table, and over-againſt the Latitude, 
you will find 12 4. 14. for the diſtance of 
11, and 1 from the Meridian, 25 d. 2m. 
for the diſtance-of the hours 10 and 2, Cc. 
Theſe you are with your Compaſſes to take 
from your Line of Chords, and prick them 


upon the Dyal-Circle, and fo draw Lines to 


each mark, which are the hour- lines. After 
you come at the hour of 6 you may draw 
the remaining hours, by lay ing a Ruler tho- 
rough the Center to their oppoſite hours 
on the other ſide the hour of 6. This needs 
no Example. 

Note, that for an Erect Direct South- 
Dyal, the Cock or Gnomon muſt be the 
Complement of the Latitude here 36. 

Note alfo, That every Horizontal Dyal 
is a direct South-Dyal in that place that is 
the Complement of the Latitude, as an Ho- 
rizontal Dyal in $2 is an Erect South Dyal 

Laſtly, To draw the Style, or Cock or 
Gnomon, take the degrees of your Latitude 
from the Line of Chords, and ſer it off 
ſideways from the hour of 12, and from the 
Center draw another Line to imerſect the 
former through 54 4. which you tee is near 
the hour. line of . And thus you ſee how 


eaſie it is to draw the hour- lines by this 

Table for an Horizontal : The fame may 

be done for an Erect South-Dyal, if 2. 
| Ss 00 


„ aw o@yvy co CC... ws. e 
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* 
* 
- 


look for the Latitude on that ſide of the 
Table towards the right hand; there a- 


gainſt 34 you find 84.56 m. for 11. and t, 
and 18.45 for to and 2, and ſo forwards; © 


whereby you may underſtand to make an 


** 


Erect South Dyal for any Latitude mentio- - 


ned in the Table: If you pleaſe to do it by 
Arithmetical operation, you have alſo the 


Analogy or Proportions to work them by; 
or if you pleaſe to do ir by the Globe, you 
may find the hour-lines. by that alſo as is 
fhewed in the former page, 407. And 
this is all at preſent I intend to {ay concer- 


& © 


PR . - 9 


' 


ning finding the hour of the Day by the 
Sun,or making Sun-Dyals;1 ſhall only ſhew © 


you how to find-the hour of the Night by 


the Moon and Stars, and fo bid good Night, 


and conclude this Mathematical Manual. 


Ses * 
Huirſt then, By the Moon. 


vou muſt underſtand, that by knowing 2 


the Prime you may find the Epact, and by 


knowing the Epact you may find the Age of 


the Moon; by knowing the Age of the 
Moon you may find the time of her coming 


to the South; and by knowing the time of + 


her coming to the South, you may find the 
hour of the Night by the ſhadow of the 
Moon upon a Sun-Dyal. Therefore of theſe 
in order. 6 1 PROP. 


by rhe {ame reaſon. 
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$ WE bp fr eee 
To find the Prime or Golden Number, 


Divide the year of our Lord by 19, and to 


that which remainerh after the diviſion add 
1, the Product is the Prime Number for all 
1673[ 88 ;5 104 2 is the Prime. 
gag? 7 R FE. 2. 54) a 
Buy the e find the Epact. 

*1' IFOTIE 343-20 29 9: 201-0 5 


Moultiply the Prime of the year by 11, 
and Divide the Product by 30, and the Re. 
mainder or Fraction is the Epact. If it be 
juſt: 3o, then is the Prime and the Epact both 
one; if ſhort of 30, that Number whatever 
it is, is the Epact. Note that the Prime 


that year, beginning the I1ſt January H 


changes 1. January, and the Epact 1. March. 


No. 3 

By the Epact, To know the Age of the Moon, 

Add to the day of the Month the Epact, 
and ſo many days more as are Months 
from March to the Month you are in, in- 
cluding both Months; and if they come not 
to 30, ſo much the Moons Age : If they pals 
30, take away 30, and the Remainder is 
the Moons Age. This is when the Month 
hath 31. days, but if it have only 30 dajs, 
deduct 29, &c. from the exceſs abovt 29, 


P R OP. 
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P X O P. + | 
By-the Age of the Moon, to find the time of 
her coming to the South. 


Multiply the Moons Age by 12, and di- 
vide the Product by 15, the Quotient will 
ſhew-the hour of the Moons coming to the 
South; and if any thing remain, multiply 
that by 4, and it will Pew the Minutes to 
be added to the hours of the Quotient, and 
ſo you ſhall have the time of the Moons 
coming to the South : Or by the Table- 
following you may readily find the time of. 
the Moons coming to the South. 


418 
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ah 


The Davs ot the Moons Age. 
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Days H. M.HoursH.M. 


| 


0.45 
1.38 
2.25 
3-15 
| 4-3 
4•83 
3-41 
5.30 
19 7.1 
3 10 8. s| 
11 8. 56 
12 9:45 
1310.34 
411.23 
1512.11 
is]. 

After 
ncon. 
1711.10 
18 1.49 


OA On + ww 8 


. 


S 00 <2 Qu > W —- 


2 
4 


: The uſe of the Table accor- 
ding to the Age of the Moon, 
Take the Hours and Minutes 
14 »ppoſite thereunto in the Ta- 
106 ſble 3 adding for every hour 2 
18 Minutes more for her mean mo- 


z0ſtion; and the Total ſhall ſhew 


10 
12 


" to. the South, 
© For Example. 


7 Suppoſe the Moons Age be 
24/20 day at Noon 10 days and 
8 hours old. Look in the Te- 
38 ble, and againſt 10 days you 
for the 8 odd hours —16 m. 
45 To which 8 Hours 
24 M. allowing 2 Mi- 


43 


The 1} zurs of the bioons 2 


1 antes for each Hour 
for her mean motion 15— 17 7, 


» 
ay 
Qin 
wu 
uo 


2970.43 
30lt 1.34] | 


[Morning 


— 


All which added toge-· - 
ther ſhews ſhe comes 
to the South at — 8h. 41 m. 


22ſthe hour of the Moons coming 


D. 
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o know at what hour the Moon comes to the 


South, by the following Table. 
Days after | the Change or Ful the Moon is South at, 
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I 


352.24 [3-12 *A 4s - 


Days after either of the Quarters the Moon is South at. 


18225 


8.249.120 0ʃ 84215 380 


To kizow the Hour of the Night by the Moone +" 


ſhadow upon 4 Sun-Dyal. "1 
wy | H. NM. | C , 
#5030 035104: 26.3] 5: 
3 24 36 -&- fe 
14 8 48 26 
75 8 |. 9 | 25 | 
47 n 
| | 7 # '6 3 | 23 N 281 
8 . , 22 | 40y TY 
| bk 2 oþ 24 [4&4 en += nojeng 
4 10 4 : 4 Is Q 17 - 29 y a 
1 3 eins 
1 "Þ-. 42 bv 29 oe 35 1 
1-4 %þL 17 Þ 
| I E of 48 | 16 | 
Pur $e . 0 . 


Firlt know the Ave of the 38 6d 
it increaſe, from che ſhadow. ſubtract theſe 
Hours and Minutes: If it decreaſe, add the 
lame to the 2 ang. it. will give . fa 


the true hour. 


5 


7 


PROP. 


ane: 2 3 342 „** 
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. Barnet 3s, 06, 
By knowing ths time of the Moons coming to the 

Couth, to know the time of the Night by 

the ſhadow of the Moon upon a Sun- Dyal. 

Obſerve by a Sun-Dyal as if you 'would 
tee what a Clock it were by the Moon, and 
obſerve how much the ſhadow of the Moon 
doth either want, or is paſt the hour of 12 
upon the Dyal: For ſo much it doth want 
of, or is paſt the time of the Moons coming 
to the South. As for Example. _ 

Suppoſe as before the Moon did come to 
the South at 8 hours, 41 minutes after noon 
or at night, and the ſhadow of the Moon up- 
on the Dyal were at 10. This wants 2 hours 
of 12, and therefore ir wants 2h. of $h. 41m. 
io that it is fix of the Clock, and 41 m. But 
if the ſhadow had been at 2 upon the Dyal, 
then you muſt have added 2 %., to the Moons 
coming to the Sourh, and fo it had been 
10 h. 41 mn. at night: The like is to be done 
by any other hour what ſo ver. 

er 
To know the hour of the Night by: the Stars. 
1. Todo this by che Globe, ReCtifie the 
Globe to the Latuvge-i'of the place, and 
bring the Suns place to the Brazen Mertdi- 
an, and the Index of the hour-circle to 12: 
Then bring any Star to the ſame Altſtüde 
on the Globe that ic bath in Heaven, * 
S 555 the 
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the Index of the hour cirele will point to 
the hour of tile Nihh t. 
2. By Mr. Gunters Nocturnal. 
This Nocturnal is a very eaſy and ready 
way to find the hour of the Night by the 
Stars; wherein the Center upon which it 
moves is fuppoſed the North-Pole, having 
ſeveral Conſtellations near the ſame Pole 
deſcribed upon the Nocturnal, with a Cir- 
cle of Months fixed lying without the Run- 
dle, as alſo an hour-Cirele of twice 12 5. 
one. of the 12. ſignifying 12 at Noon, the 
other 12 at Midnight; and the line ſup- 
poſed to be drawn bet wixt 12 and 12; tho- 
rough the Center is the Meridian: Now for 
the uſe thereof, firſt look up to Heaven to 
the North Pole, and obſerve what Stars are 
upon or near the Meridian in Heaven: 
Then place the ſame Star to the like ſcitua- 
tion upon the Rundle, and againſt the day 
or Month you will find the hour of the 
ght. ＋ N ves. \ JF 
3. e third place, To find the hour of the 
Night by the Stars coming to the Meridi- 
an ; their Riſug, and Setting, and Right 
Aſcenſiuunn. 
How to find the Right Aſcenſion of any 
Star by the Globe is taught, paz. 363, and 
is no more but inſtead of bringing the Sung 


place tod the Meridian, you muſt bring the 
Star; 'Ewhoſe Right Aſcenſion you ſeek) to 
4100 2817 7 | the 27 


— 
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the Meridian, and the number of degrees 
contained betwixt the vernal colure and 
that degree of the Æquinoctial which comes 
to the Meridian with the Star, is that Stars 
right Aſcenſion : Alſo by the Globe to find 
the time of any Stars Riſing or Setting, or 
coming to the Meridian; is taught pag. 364. 
How: to find the Right Aſcenſion of a6; 
Star by Theakers Planiſphere is ſhown. pag. 
374: As allo their riſing and ſetting, and their 
coming to the Meridian, is ſhown pag. 375. 

Io find the Suns Right Atcenſion is the 


ſame both by the Globe and Planiſphere,by 


bringing the Suns place to the Meridian in- 
ſtead of bringing the Star to the brazen 
Meridian on the Globe, or the paper Meri- 
dian of the Planiſphere, as is explained in 
the fore · mentioned places, pag. 362, 374, 
you have alto the Analogy or Proportion to 
work it by Arithmetically, pag. 3 50. Sol 
need not here repeat any of them. 
But ſhall ſhew you how by the Right Aſ- 


cenſion of the Sun and Stars tò find Arith- 


metically the time of the Stars coming to 


the South, and thereby the Stars hour, and 
by all theſe the hour of the night. N 
1. To find at what hour any Star will be up- 
on the Meridian. wh en 
Add the Complement of the Suns Right 
Aſcenſion for the day propoſed to the Right 


Aſcenſion of the Star, the Sum of them to- 


gether will be the time of that Stars being 
upon the Meridian. Fer 


— 


_—— — 


yp 
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| For Example. . an. 
The Bulls Exe iſt January Right Aſcenſion. m—4 17 
Comp), of the Suns Right Aſcenſion is ——4 25 
— — 
The Bulls Eye upon the Meridian. —8 42 
That is, 42 Minutes paſt 8 at Night. . 


It is noted by Norwood that any ſtar in 14 
days comes to the Meridian juſt an hour 
later, and in a Month two hours. 


2. To find the Riſing and Setting of the 
Stars. \ - 
The Semidiurnal Arch of any Star, which 
is half the time the Star appears above the 
Horizon, ſubtracted from the time of the 
Stars being upon the Meridian, giverh the 
time of the Stars Riſing, and the ſame being 
added tbereunto, giveth the time of the 
Stars ſetting; and knowing the time of 
the Stars Riſing or Setting, and coming tg 
the Meridian; and ſeeing any of the ſaid 
Stars riſe, ſet, or come to the Meridian in 
Heaven, hereby you know the Exact Hour 
of the Night. DOE 


3. But to find the Hour of the Night at any 
other time, you muſt know the Stars hour. 
Now the Stars hour is the horary di- 

ftance, or the number of hoursthat the ſaid 

Star is diſtant from the Meridian, or ſo ma- 

ny Hours as the Star is ſhort of, or paſt the 

Meridian, 7 * 

N 
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Now to find the Hour of the Night at am time by any 
of the Stars. 

Add the Stars Hour, the Stars Right Aſcenſion, 
and the Complement of the Suns Right Aſcenſion, 
all three together, the Sum is the hour of the 
Night. As for Example. 

The Bulls Eye 13th of December. 
The Stars Hour 1s —— ——— — ——8 56 
The Stars Right Aſcenſion is ————;z, 17 
The Complement of the Suns Right Aſcen. p 9. 


— 


Sum 19 22 


Now becauſe this exceeds 12, you muſt deduct 12 
from it ; fo that the true hour of the Night is 7 þ. 
22 Minutes: And note further, that when this 
Sum is.!hort of 12, it ſhews the hour at Night; 
when it exceeds 12, it ſhews the hours next Mor- 
ning: So that in this Example it is 7 h. 22 m. in 
the Morning; and herewith 1 ſhall conclude. - 

Having finiſhed what. J intend to ſay concerning 
Aſtronomy,and the Reſolution of theſe Aſtrenomical 
9 of the Sphere, being the tk ird and laſt Ma- 

ematical Liberal Science according to my Divi- 
lion ef them in the beginning : I hall therefore 
here let up a Non Ultra at this time. Having (I 
hope) in ſome meaſure ſnewed you how to Meature 
the Earth, the Sea, and the Heavens, principally 
and eſpecially by Trigonometry. Therefore in allu- 
ſion to a Triangle, the moſt excellent of Geometrical 
Figures, and the other Ternaries mentioned here, 
and elſewhere, pag. 2, 3. I ſay in alluſion to theſe, 
To the Tri-un Deity, The Trinity in Unity, and 
Unity in Trinity, who created all theſe Things of 
Nothing in Number, Weight and Meaſure, by his 
Infinite Wifdom and Power, and doth Uphold and 
Govern All by his Providence, and deſign'd all 
for his Glory, to him be all the Glory and Honour, 
and Adoration in Secula Secuiorum: A M £ 7 4 
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Theory and PraQice 


Both by the Pen and Gunter. Lire. 


— 


$ « Tp! 07 Surfaces, or Super ftr io! Meaſure. 
IA SQUARE 
DL the Side of a Square beB —— * 
or C, / Inches each mul- B 


tiply B by C, and divide by 144, 
and the Quotient is 34 Feet. 


_ Ci 
Vulgarly. Example. 
B=70 , ; 
C=70 Or multiply 5 i 
— Foot 10 Inches (for 70 Inches 1s $ 
1440490 (34 Foot 10 Inches) by 5 Foot 10 Inches, 
580 croſs ways, by laying 5 times 10 
(4 Inches is 4 Foot 2 Inches, and 5 
times 5 is 25, which makes 29; then take the 3 
and the + of the firſt Line, as follows, for the 10 
Inches in the laſt Line, which was not multiply'd, 


as follows : E 
Practically. 


— —— — —» — — —ñ— ö̈ä— —ͤ— — 
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Prattically. 
5 le Inch. 
5 10 Inch. 
3 
29 - 
E280 
.T 1 2 
34 © 


1, and extend he ↄtheg to 5 and ᷓ on the Line of 
Numbers ; then by Compalies, the Yojur 
ſanding ſtilt in + an Point that ſtood in 1, 
will cut the Rule 34 Foot. Do this for Squares only. 


other Foot to 1 Foot 8 Inches, or a little leſs than 
3, and then ſet the Point in 3 Foot 3, and the 


other Point will cut 5 4 Inches. 


A 


By Gunter's Line and Compaſſes, ſet one Point in 


orden e. 
1 Let the Side A be 40, B 20.2, 
A A multiplyed by B, and di- 
B vided by 144, gives 5 Foot 7 
Inches. 
f Example. | 
20.2 - Foot lun. 
144) 808.0 (5.6 ANC RING 
(16 1 82 
| hof that + 
7 337 


By Gunter, ſet one Foot in 1, and extend the 
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A TRIANGLE. 

All Triangles are meaſur'd by 
one and the ſame Method, by 
letting fall a Line from the 
blunteſt Angle to the neareſt 
Place of the oppoſite Side, and 
that is called the Perpendicular. 
The upright Side ofa Right. Au- A * B 
gle Triangle, 1s the perpendi- D 
cular. 

Let the Side A. B be 42 Inches, and the Perpen- 
diculay C. D 66 : Multiply A. B by 4 C. D, and the 
Troduct divide by 5 N 

Vulgarly. 3 Decimally. 
42A. B. 3 6=A. . 3.50 | 
33=z C. D. 2. C. D. 2.75 


e 1 
; »4 4 


- 126 | 1 1750 
— tot=$i A.B. 700 _ 
22 9 74 9.625 


Note, When you work Decimally, 1.5 is a Foot 
25 to a Quarter, and . 75 to 3 Quarters, 

By Gunter, as 1. is to 3.2, ſo is 2.4, to 9 Foot 

7 Inches. | dy 
A TRAPEZIUM, 

This Trapezium is divided 
into three Fyiangles by the Lines 
A. B. and A. G. and the Perpen- 
diculars are C. D. B. H, and E. F. 
The ſeveral Contents of thofe 
Triangles being found in Inches, © 
according to the laſt Paragraph, 
and added together, divide by 
144, and it gives the Content 
of the Trapezium ; or if they be 
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found in Feet and Inches, add them together, and 
the Sum is the Content. 

Suppoſe the Content in Inches of the Fiangle 
A. B. K. to be Boo Inches; the Triangle A. B. G. 
634, and A. G. F. 824 Inches, the Sum is 225; 
which divide by 144. 
528 ; 

144) 2258 (15. 
818 
98.0 

| | „ 

By Gunter, as 1 is to the 4 of C. D, ſo is A. B. 
to the Content of the Triangle A. B. C; and fo 
work the other two, and make a Sum, and you 
have the Content of the Trapezium. 

A RHOMBOIDES. 

72 > Let A. B. be 640 Inches, or 53 
Foot 4 Inches; A. C. 200 In- 
ches, or 16 Foot 8 Inches. Mul- 
tiply A. B. by A. C, and divide 


"7 mT: "of 144. 
Example. 
640 Feet. Inch. 
200 53 4=A.B.. 
— 888. 16 B=A.C. 
144) 128c00 8 
44) 1280 * | 853 4 
1280 8 10=40fthe. A. B. 
128.0 
/ % 883 10 | 
By Gunter, as I is to A,B, ſo is A. C. unto the Con- 
5A tent 888 4, 


3 A POLYGON. . 
Let A.B,B.C,C.D,E.F,F.A, be the Sides of the 

Polygon, each of them equal to 30 Inches, and per- 
2 pendicular 
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pendicular G.H. (being a Line 
drawn from the Center to the 
1 | middleof any one of the Sides) 
ual to 20, Multiply the Sum 
of all the Sides by 4 of the Per- 
pendicular G.H, and divide by 
144; or multiply the Content 
of the Triangle A. B. H. by 6, v5 

the Number of the Sides, and E 222 
you have the Content of the Hexagon, It needs 
no Example, becauſe it is wrought as Triangles. 
Note, To find the Center of a Polygon of odd 
Number of Sides, draw a Line from any Angle to 
| the Middle of the oppolite Side, and croſs that 
| with another, and where they croſs is the Center. 
But if of even Sides, draw a Line from any Angle 
to the Oppoſite, and croſs that, ; 5 
By Gunter, as x is to 3 G. H, the Perpendicular _ 

from the Centey to the Middle of one Side, fo is 

the Sum of all the Sides to the Content. 


en 


A B. the Diameter, A. B. C. DIL... 
the Circumference, E. F. the 3 
Chord, E. H F. G. the Sector, 
E. C. F. the Segment, F. G, or B. 
G. Cem; Diam. F.H a Sine, C. I. 
ver. Sine. Da 
Before you can find the Con- 
tent of a Circle, you muſt have 
| —_ Diameter and Circumference TD  « 
ven. | | 
ö Let the Diameter A. B. be 36 Inches; multiplx 
6 by 3. 14, and the Product will be 113 Inches 
the Circumference; multiply 2 the n 
the Diameter, and the Produd divide by 144, gi 
the Content in Feet. „ 


ann Example. 


2 n_— —— 
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| Example. 
36.5 of 113 A. B. C. D 4 Br the Circunf, I! 

18 = of 36 A. B. 1 G the Diamet, 


4520 | 48 3 

565 2 4=} the fſt Line 1 1 

- — Feet Inob. 7 0 t 
2440 1017.0 (7 0 F* 
WHIT: ( | | | 4 
By:Gimter, as 1 is to 4 the Cicumference, ſois I 

+ the Diameter to the Content. f. 
A Sector of a CIRCLE, al 


Mulriply EG. by E. C. and the Produ# is the 
ent. an - Wo 
A Sent of a CIRCLE: 
Take the Content of the Triangle E. F. G from the 
Content of the Sector E. C. F. G, and the Remainder 
is the Content of the Segment E. C. F. 5 
Or a, the Segment alone be required, and you {| 
have no Content of the Sector, then draw the Line || © 
E. H. to the middle of .F,G. Subtract H.F. from | 
E. C. F, and multiply by the 4 of G. F, and you 
have the Content. 1 Th f 
Note, That the Cord E. F. is always. of the 4c. 
Let A. B be 48 Inches, and C. D 72 ; multiply C.D In 
dy A. B, and extract the ſquare Root of the Hod ut, 
and that is the mean Diameter of the Oval. _ - 
| The. Root of 72 mulriply*d by 
2 48, is 38; multiply that by 3.14, 


and that gives 182 = the Cir- 
meter is 58; multiply 2 the Cir- 


cumference of a Circle, whoſe Dia- 
8 cumference by + t Diameter, 


as you did in a Circle, (for now 
it's reduc'd into a Circle) and 
divide by 144, or 282, of 231, 

D as before, and you have the 
Content in Superficial Feer, ordrea in G — 5 


Of Megfuring.  48t 
Suppoſe A.B a Plank or Board, broader at one 
End than the other. 


Let the End A be 39 Inches, or { 
3 Foot 3 Inches, and the End B, 7 B | 
30:Incies, or 2 Foot 6, Length, F S988... 7 2 
120 Inches. Multiply Aby B. & 8 [| 


the Square Root of the radu is D 4 
the mean Bieadth at C. D, which is the true Geo- l 
metrical Mean; but the Practical way is, to add 1 
both Ends together, and take the + of the Sum 
for a Mean. Multiply that Mean into the Length, 
and divide by 144 for the Content. 


. Example. | 
; "290 2:: 5 34.2 Fret. Inch. 
een te 238 20-00 
11K ͤ K ͤ 4 30, 
| 17 (342. 6840 — 
P As | mh 20 00 
4 14.00 102 , s 05 00 
n 1 144) $104-0 (28.50 03 40 
uw YI; OR ET >" 
„ 28 o4 
fo 66 Content, 


By Gunter, as T is to the Mean C.D, .2 Foot 10 

D Inches, ſo is the Length ro Feet to 28 Feet. 

q Let a Plank be ever ſo irregular, it may. be mea- 
I ſured 8 —— by taking the Breadth of it in 


by þ or 6 Places, and add the ſeveral Breadths toge- 
4, ther, and that Sum divide by the Number of Places 


ou have taken the Breadths, (ſuppoſe 6) and the 
Quotient is the mean Breadth. 1 


Inſtruttions to Painters and Glaziers, 
As Rooms are of ſo many various Forms, I ſhall 5 
aly give a general Rule in all Caſes. 


Take a String, and apply one End of it to any one 
Urner of the Room, then meaſure the Room, going 


into 1 


7, Rp ——— — — —— — 2 —— 
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into every Corner, with the String, until you come 
at the Place you began at; then meaſure how many 
Feet and Inches the String is, and ſet down; then 
meaſure the Heighth by, the ſame Method,” going 
into every Angle of the Molding, and ſes that 
down under the other; multiply the one by the 
other, and divide by 9, and the Quotient will be 
the Yards of Painting, or - Wainſcot. If there be 
a Chimney, meaſure the Chimney by the foregoing 
Rules, according to the Figure of it, and deduct 


* 


from the whole. - 
_ - Glaziers ate to take the Depth and Breadth, of 

all Windows that are alike, in Inches, and make 

a Sum of all the Depths, and likewile of all the 

Breadths, and multiply the one by the other, and 

divide by 144, and the Quotient is Feet; or by 

the Rule, as 1 is to the Heighth or Depth of the 

Whole, ſo is the Breadth of the Whole to the £77 


Content. 
Meaſuring of Solids, apply*d to Timber, and Liquids 
; ſuch as Beer 24 Wine-Mealure, "mg ] 
Po. hoes 8 & 
A CUBE. Fes 
1 of 


Pm A Cube is a Solid whoſe vil 

; Length, Breadth and Thickneſs 

ue equal, in the Form of aDye, 
Bo Lic AB be 30 Inches ; mul Y 1 

\. NS tiply A.Bby A. B; that is, 39 
W N by 39, and chat Produtt by 39, } 
and divide by 1728 for Timber, Inte 
| 282 for Beer, 211 for Vine, and the ſeveral Quo- Fon 
al tients gives you the Feet of Timber, or, Gallons of ro 
| Beer or Wine that Cube would hold if it were hol-J 1 

| 


AT Au 
0 


Ty Example 


Of Meaſuring. 


| | Example. 
z Vulg. Pract 
a 39 3 3A. B 
39 3-3=A.B 
2 — ——— 
351 99 
t $5 A7 10—4 
— — 
| 1521 to 6 Sum 
0 | 39 + 3=AB 
q 13639 34 6 ö 
j 4563 2 75 l 
ie 1728) 59319 (343 34 11 Sum of | 
7479 2 
567.0 | 
ls, 486 1 


By Gunter, ſet one Foot of the Compaſſes in 1, 
and extend the other to the Length of the Side in 
Feet and Part, via. 3 Foot and 4; then turn your 
,ompaſltes twice at that Extent, and the Point 

oſe fill cut 34 Foot on the Rule, and ſome what more. 


he. A PARALLELEPIPEDON, 


ul: Let A.Bthe-Length be 144 K 
39 liches, er 1 Fort. and BC A. 
s Inches, or one 'Fogt' and a 
"ery Þlf; and Thickneſs or Breadth 
20 fone End CD, 15 Inches, or | 
* 3 312 1 
ultiply B. C, the longeſt Side of the End, b 0 
). the ſhorteſt, and multiply the Produ# by the , | 
ugth A. B, and divide by 1728, and the Quoti- -— / 


t15 the Content in Feet, 
U 
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BCxCDxAB 

| 1728=22 5 

| 282 for Beer. 
| 231 for Wine, 


By Gunter, all Solids that are longer than broad, 
| muſt be done at two Operations; as 1 is to 1 Foot 
| s Inches, or a half, ſo is t 4, or 1 Foot 3 Inches A. 
to 1 Foot 10 4. Then, as I is to 12 the Length, Þ 
| ſo is x Foot 10 to 22 the Content, >; 
i Thus, ſet 1 Foot in t, and extend the other to 4c; 
g x +, then ſet one Foot in 1 3, and the other Foot 10 
[| will reach 10 2, which is x Foot, and above 3. 
41 Then alter your Compaſſes, by ering 3 Foot in 1, A, 
at and extend the other to 12 on the Rule, then at 
1 that Extent, ſet one Foot of the Compaſſes in 11 
Foot 10 Inches , and the other will extend to 22, . 


Of Meaſuring, 

A Glider is a Body, of equal 
Diameters in all Parts, and may - 
be eicher Solid, like the Rowling - 
ſtone of a Garden, or hollow like 
a Tub, for holding Liquor. ' 

LetAB the Diameter be 40 In- 
ches, or 3 Foot 4 Inches, and Des 
Inches, or 5 Foot 6 Inches. Before 
you can find the Area of the End 
AB, you muſt find the Circum- pry er 
ference, by multiplying the Dia- C>— 
meter into 3.14. Then half the Diameter, vis. 
20, being multiply'd into : the Circumference 
B 62.8, produces 125.6 ſquare Inches, the Area of 
B one End'; multiply that Area by the Length B. C 

66 Inches, and you have the Content of the lin- 
der in ſolid Inches; Divide by 1728 far Feet of 
Timber, or 282, or 231 tor Gallons of Beer, or Vine. 


Example. 415 


o ; 3.14 : Fest. Inch., | Tt ITT. 
[AJ 4 - c,, 


- 


y "" A x 


1. ere 188821 Daa. 
ireumf. 125. © 7 — 3 ©; 


to *Circumf.62.8 LO lng nd ay oe 

oot Dam. 0 3 7 toftheggircum: 

27 ain. 10 of Ne > Cin. 

nl Area 127. —— 2. 1 22 
6 12515 


: | 
* *. . 6 Dar 2 
—— — 41 0 DE mne Length. U 
PR 7536 . TeRE he. 
7536 43 9 
Content 4 57 
15280828960 47.9 Feet | 
13736 48 27 Feet 
1680. o 
1158 


2 


466 


The foregoing Rule gives the Solid Capacity of. 7 


Square of the 4 BaſeB D, from the 


of C.D.the 1 ex- A 
have the Perpendicular C. D. : 


— — —— = — — 
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By Gunter, as 1 is to + the Cireumference; Foot 


Inches, or 2, ſo is the Diameter, 1 Foot 8 Inches 


1 Foot a the Area of the End A. B 
Then AS 1 18 ro the Length 5 + ſo is the 4rga 8 
20148 the Content in Feet, TILE | 


the Cylinder, without any Deduction for Slahs; but 

i you allow for the Slabs,then you are to take the 
of the Circumference for the Side of the Square, 
hich muſt be {!quar'd and multiply'd into the 
Length, and divided by 1728, or multiply in the 
radical way, as you did in the Parallelepipedon. 


A CONE. 


A ne is the 3 of a'Cylinder Pb r 
the ſame Height, and Diameter Ac 
equal to the Baſe of the Cone. - . 

Before you can meaſure a Cone 
you muſt find the Perpendicular 
Height C. D, by ſubtracting the 


Square of the ſlaint Height C. B, 
and the Remainder is the Square 


tract the Square Root, and you 


Let AB be 40 Inches, or 3 Foot 4 Inches; C. 
66. Inches, or 5 Fot 6 Inches. Find the Area of the 
Baſe, as you did in a linder, and multiply by 2, 
the Height C,D, and divide by 1728 for Timber. 
.28a for Beer,-231f0r:Wize, 2 


Of «Meaſuring? 


Example. 
z Circumf, 62.8 ; . Foot Inch. 
2 Dian. 20 | 5 3=&+ Circunt. 
E 1 8=x Diameter: 
303 4.3/1 eee 
C= N 
Prod. 82896 Content 10 
1728) 2 Prod. 27532 (19% —  / 
2110352 Natel iu S — <1 
3 1 10 Height: 
* 21117 £712.05: 1150 [. —— |, 
ru Dodo #508: ien 1D; Dj z % ory 
re 101 Se A £514 4+ „ 1711 
2 11 By Et 124 


16 o Content. 


By Gunter, as 1 is to che 1A B, ſo is the L A. B. D 


the Circumference, to the Area of the Baſs. Then 
as 1 is to q; the Altitude C. D, ſo is the Area to the 
Content. 1 

A Square Pyramid, or any other, let the Form of 
the Bale be what it will, you muſt always multi- 
ply the Area of the Baſe by 4 the Altitude, and 


3 


divide as before. The Superficial Area of a Cone is 


found by multiplying the Circumference of the 
Baſe by 4 the ſlaint Heighhlt. 
De Fruſtum of a CONE, . 
E. F. A B in the foregoing Figure, is the Fruſtum, 
or piece of a Cone. 


t E. F be 24 Inches, and A. B 36; add ⁊ the 


2 


Difference of the two Diameters to the leſſer Dia- 


meter, and that is the mean Diameter; multiply 
that by 3.14, and that gives a mean Circle to that 
Diameter; multiply half of that Circle by half the 


Diameter, and the Product multiply by the Depth 


GE, and divide by 1728, or 282, or 231, and you 
have the ſeveral Contents. 


U3 


Of. Meaſuring 


A GLOBE or SPHERE. 
TheSuperficial Area of aSphere, 
is equal to fourtimes the Area ot 
its greateſt Circumſerence. 
RB H a Circle be deſcrib'd, whoſe 
Diameter is equal to twice the 
Diameter of the Sphere, the Area 
of that Circle is equal to the Sur- 
face of the Sphere. 
Multiply the Circumference of the Sphere by 
the Diameter, and multiply the Product by + the 
Diameter, and dwide by 1728 for Timber, 282 for 


Beer, 231 for V. Me, 


by * 
mer e e 28765 \Produtt. 
A Þ=36 Diam. 1 F572 the Dum. 
94.23 Circumf. 92 1728) 13184. (8 Foot. 
30 Diam. 10 
2826. 9 Product. 


Jo find the Content of hee (mew 0. deaf, mul- 
tiply the Altitude e.f by 3, arid! the Product by 
the Square of e. f, and to the Product add the Cube 


of e. f, and multiply the Sum by 3235. 


Example. 
Rad ius e. fg 8 351 Sum 
„FCC Multipli. 
2 EW. © 25722 e eee 
Trip. Alt. 9 1053 
— — ier n | * 702 
„ 008 
27Cube of theAlt. + 43 
183.7485 Content. 


351 Sum. Ts 


ww” 


Df Meaſuring. 
To Meafure Timber or Stone. 


Suppole A.B.C a Piece of Tin= | 
ber 28 Foot Long, and the Cir- 
cumference at A.B, 24 Inches, at 
E. F zo Iſſches, at GH 16 Inches; 
add thoſe three together, and 
the Zof the Sum is accounted 
the Mean Circumference, the 5 
of which, call the Mean Side 
of à Square: Multiply that by 
its ſelf, and multiply the Pro- 
duct by the Length, and divide 
by 1728, and the Quotient is 
the Content. | 


Ry Example. | : 
A. B24 b 5 Side of a Square. 
EF. 220 „ 5 

— Inch. Inch. 25 
3) 60 (2025 336 Length in Inches. 
1728) 8400 (4.8 
1288.80 
1056 | 


Four Foot and EighthTenths is the Solid Capa- 
city, conſidering it as a Square Body, by cutting 
otf the Jabs, for theſe who buy T1wber, meaſure it 
according to the Square within, which they com- 
monly deem to be+ the Girt. But if you defign 
to have the true Content of it, the Slabs not be- 
ing deducted, then you muſt meaſure it as the Cy- 
tinder, making the Mean Diameter, the Diameter 
of the Cylinder. - 

A irregular Bodies muſt be reduc'd, as near as 
poſſible, into regular Figures, according to the judg- 
ment of the Artiſt ; ſo that there can be no parti- 

U 4. cular 


F Meaſuring. 8 
lar Rule let down, by reaſon the Figures of Bodies 
6 - are ſo various: But he who has well digeſted the 
toregoing Rules, may eaſily form a Method to take 


the Dimenſions of any irregular Body, ſo that the 
Frror ſhall not be great. | 


To Meaſure a Spheroid, os Solid Oval like an Egg. 

Find the Mean Diameter, by extraction of the 
Square Root, as directed in the Oral, then by that 
Diameter find the Circumference, and the + Cir- 
cumference, being nwltiplyed into 3 the Diame- 
ter ; multiply the Product by 2, the longeſt Dia- 
meter, and you have the Solid Content. 


To Meaſure the middle F ſlum of a Spheroid, ſuch 
as a Wine-Pipe. | 


To the double Square of the Bung Diameter, 
add the Square of the Head ; multiply the Sum by 
the Casks Length, and divide by 1077, and the 
Quotient is the Number of Gallons of Beer the 
Cask will hold. | 


How to Meaſure moſt ſorts of Artificers Work, ſuch 
as Maſons, Bricklayers, Carpenters, Joyners, 
Plailiicrers, -Gleizrs, Painters and Paviers, 


Artificcrs have different ways of Meaſuring, ac- Ft! 
cording to the Cuſtom of each Trade; fome give I i: 
the Content in Reds, others in Yards ; ſome in u 
Feet, others in Squares, and ſome in Running- IL. 
Nleaſure, that is, only Length without any Breadth, Ian 
by a Line. | 2 Fe 

The only practical way is, after we have taken in 
all the Dimenſions in Feet and Inches, we mult3- 
ply ſo many Feet and Inches, by fo many Feet and 
Inches, aud that produces the Content in Feet 
and Inches, which we may reduce afterwards iuto 
Square Rods, Yards, &c. according to Pleaſure. 

Let the Dimenſions be 24 Foot to Inches, by 
$ Fect 9 inches. + 


wk <£ — 0 — oe e acis . 


Ex amp! e. 


| Practically. # 


4 10 12) 80 (6 Foot 24 
9 | (8 Inches: 8 75 
Ws. * — — 
198 8 N 12380 
12 JA of 24 10 17332 
6 25=H%0f 24 10 c 19828 
217 32 Content. 216.65. o 


The manner of working the Vulgar Way is this. 
Multiply 24 Foot 10 Inches, by 8 Foot 9 Inches 
crols ways; thus 8 times 10 Inches is 80 Inches, di- 
vided by 12 is 6 Foot 8 Inches: Set down the 8 
Inches, and carry the 6 Foot in Mind; then ſay, 
8 times 4 is 32, and 6 I carry'd is 38: Set down the 
8 under Feet, and carry 3, and 8 times 2 is 16, and 
31 carry'd is 19, which ſer down betore the 8,and 
that makes 198 Foot 8 Inches: Now you have mul- 
tiply'd the firit Line into the Number of Feet in the 
ſecond Line, then as 9 Inches is the 4 of a foot, 
you mult take the £ and the of the firſt Line, and 
ſet them down in their proper Places, under what 
was ſet down before: or it is all one, to take the 
r of the firſt Line for the + Foot, and take the + uf 
that 3 for the quarter Foot; make a Sum, and you 
have the Content 21734. Lou mult always confider 
what aliquot Part or e the Inches iu the laſt 
Line is; take that aliguot Part of the firſt Line, 
and ſet down in order, Inches under Inches, and 
Feet under Feet, and let this be your general Rule 
in all Caſes. | 

Aliquot Parts of a Foot are as follows. « 


Inches. Inches. 8 
is pt F 7 8 and gor and 4 
8 is Land 20 4 
9 is 2 


a 10 is 2 and a 
J and 211 is 2 aud 2 


7 
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To Meaſure Bricklayers Vork. (Alingham.) 
Brickwork is — 2 meaſur*d be be Rod- 
Square, a Rod being 16 Foot and a 2, and a Rod- 
Squate is produced by multiplying that Rod by it 
lelf, which produces 272 4 Foot, the Content of 
a Rod-Square | 8 4 
If a Wall be over or under a Brick and a 4 thick, 
it muſt be reduced into that Thickneſs, by reducing 
all the Work that is meaſured, into + a Brick 
thick, and then turning it all iato a Brick and 3, 
by the following Rule. ; mn sal 
Suppoſe one Dimenſion to 56 Foot, by STIR | 
and & Inches, one Prick thick, another 18.6 by 6.9, b 
two Bricks thick, and another 22. 4 by 8.6, three 
Bricks thick. Set down the Dimenſions as follows, 


- 


and multiply the Total of x Brick by z,the Total of 
2 Bricks by 4, and of 3 Bricks by 6, and the Sum { 


of all is the Total Squgre, Feet at + a Brick thick, I 

winch divide by 3,and it gives the Content in Feet 

1 Brick thick, divide by 272, and it gives the Rods. 5 

e Example. n 
56 0=1B. thick 18 &=2 B.th, 22 4=3B.th tt! 
24 6 . 69 -- 8 6 


bens e may . —— — 

508 7 5 3 0o 178 8 

28 © 9 3 11 2 

I372 O Foot — 189 to Foot 
2 124 10 Foot 6 

1 4 — 

2744 ——— 1139 

455 499 6 | 

n 


4382 the Sum of all the Totals. 

3) 4582 (1460 Feet, 1 B. + thick. ö 
13 272)1460(5.3 Rods 1 B! thick: 
18 100.0 


OZ 184 


In 
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In meaſuring a Chimney, if is ſtand alone without 
leaning again{t any thing, girt it about below rhe 
Mantle, and take that for the Length, aud the 
Height of the Room for the Breadrh, and multiply 
them together, gives the Content! But if it ſtand 
aga faſt a Wall, then you nmft meaſure it round to 
the Wall, and multiply that into the Height of the 
Room, and that's the Content. Allow nothing for 
the Vacancy between the Hearth and Mantle-Tree. 
For Arches,take the Breadrh and half Breadth of 
the'Arch,and add them together, multiply the Sum 
by the Length, for the Conrentin the Thickneſs of 
the Arch. 21 n | 
All kind of Ornamental Work, ſuch as Cornice, 
or Frieze, &c. are meaſur'd by Running-Meaſure. 
Carpenter's Work, as Flooring, Roofing, &c. are mea- 
2 by the Square, which contains 100 Square- 
cet. | | AF 
Maſon's Work is meaſur'd by the Foot; if you 
mea ſure the Workmanſnip of Stone-ſteps, then you 
muſt meaſure both Ends of the Steps, as well as 
the Length. | 5 
N. B. The method of Meaſuring Timber, by ta- 
king the mean Thickneſs by the Callopers, i; very 
erroneous ʒ for they make the Extent of the Callopers 
the fide of the Square ; which being ſquare, and 


multiply'd into the Length, will make its Content 


7 2 5 or 7 (according to its irregular form) more 
than it truly is; and yet this is the Method of 
the Officers on the River Thames. | 


Ho to Gauge all manner of Brewing Veſſels without 
che Line of Inches, or Diviſion. For the Square of 


the Diameter is the Area in Gallont ;, and ſo are the 

Sides of Squares multiplied together without any 
more working. CS 204} 

HE Law hath order'd, that a Beer-Gallon ſhall 

contain 282 Cubical Inches, & a Wine-Gallon 

231 ;and thoſe two Numbers all Gaugers make uſe 

of tor Diviſors; for they multiply the one fide of a 
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Square Cooler,oroblong into the other, according to 


the true Rules of Menturation )and divide by either 
of thoſe Numbers, having Regard to the Quality of 


the Liquor, and the Quotient gives the Area in 
Gallons upon an Inch deep. 


Now to ſave the Trouble of a long Multip! ication 


and Diviſion, which fomerimes occafions Miſtakes; 
I have found out a way to Gauge any Veſſel in the 
renth part of the time, without either of thoſeNum- 
bers, or Inches. But by multiplying the Sides of 
Squares, or the Diameter of Rounds, Sc. into 
themſelves, and the Product is the Number of Gal- 
lons & parts the Veſſel halds upon an Inch. in depth; 
and it is ſo far from being diſputed, that I ſhall here- 
after prove it to be juſt, by working ſome Queſtions 
both ways, and when compared they will be found 
equal ; fo that when the Ellowing Demonſtration 
is peruſed and duly conſidered, Idoubt not but im- 
partial Judges will give their Opinion, that it 18 
not only the quickeſt, but the moſt correct way, by 
reaſon it is ſo little liable to Errors, which the 
other tedius way is very ſubject to. : 

Nou 282 is the SuperficialArea of a Square which 
holds a Gallon or an Inch in depth, therefore the 
fide of that Square muſt be equal to the Root of 
282, viz. 16.796. ſo that if any Rule be divided 
into Roots inſtead'of Inches, and thoſe Roots num- 
ber'd 1, 2. 3, &c. and ſubdivided into Decimal 
and Centefimal Parts, that is ſurely a proper Inſtru- 
ment to Zauge by to find Areas, and to have no re- 


gard to Inches, ther ways than to multiply that A- 


rea by Inches and Tenths to find the Content; for 
an Area is only the quantity at an Inch deep; there* 
fore, the Liquors Depth mult be multiply d by Inches. 

If the Root of 282 be ſuppoſed to be 16.8, that 
is certainty tha ſide of a Square, which being mul. 
tiply'd by its ſelf, produces a Surface equal to tlie 


Superficial Area of a Gallon, which is nothing elſe I 
but tha Boundary of aGallonin Length and Breadth t 


without 


is By 


-— 
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without any Thickneſs; but when this receives 
Thickneſs, by being an Inch, 2) 3, or 4 deep, 
then ĩt is a fol id Body, and contains ſo many Gallo us 
and. Pur ts, as it is Inches and Parts deep' which is 
ſo very plain, that it admits of no Demonſtration. 

Since the Root 16.8 is the fide of a Square which 
produces a Surface, whichat an Inch deep contains 

+ Gallon ; then the Side of a Square equal to twice 
that Root, muit-ſurely produce a Surface equal to 
4 times that quautity: tor double Diameters pro- 
quce- quidruple Contents, of Area's. -- Ard to if 

u double the Side of a Square, the Content will 
quadruple. - - #5 | | * 
This being granted, it muſt neceſſarily follow, 
that as Roots are the Boundaries of ſeveral Quan- 
tities, thoſe Quantities may juſtly be meaſured by 
thoſe Boundaries, and the Roots may be term'd 

1, 2 3, 4, Ce. And ſubdivided after the fame 
manner as if they were Inches. e 

The Gauge Pont, or 18.95, is call d the Diame- 
ter of a Circle, which holds a Gallon on an Inch 
in Depth; or the Diameter of ſuch a Circle, whoſe 

Superficial Area is 282. If this be call'd che 
Gauge Point for Circular Gauging, 16.8 may by the 
ſame Rule be call'd the Gauge-Point for Squares, 
for it: performs the ſame office. 5 

Now if I have divided my Rule into ſo many 

Gauge Points as the Rule will permit, inſtead of 
Inches; and number'd them, 1, -2,-34-&56--and 
take my dimenſions therewith, and find the Dia- 
meter of a Tub to be 2 of thole Diviſions or Gauge 
Points; then ſince double Diameters gives four 

times the Content, double Gauge Points muſt do 
the ſame: Conſequently if you multiply two by 
two, it gives four Gallons on an Inch in depth, 
which is the ſame as if you had multiply'd 37.9 by 
us ſelf, and divided by 359, being the ſquare of 

the Gauge Point. „ 0 

Linvented this Rule when I was concern d in the 

Feaciſe 
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— Malton in Frkſpire, and found it to be of 
uſe in the Gene large Floors of Malt ; for 
h | by this Rule after the Dimenſions were taken had 
| nothing to do, but Multiply the length into, the 
Breadth, and I had the 4rea at once, without any 
Diviſion or large Multiplication. After that IGauged 
 #large Back in Mr.Gofe's Brewhouſe in St. Giles's, 
Mr. Everard then Commiſſioner being preſent, who 
compared my Area with Mr. Shepherd's, and found 
0 it to be juſt, even to the 1vco part of a Gallon, & 
0 perform'd in the 1oth part of the time which it 
N would have taken up the common way. The Reaſon 
| I now Publiſh it is to be of uſe to the Officers of 
| Exciſe, who have large Buſineſs and manyMalliters. 
We l ſuppoſe t he Root of 282 to be 16.8 inſtead 
| of 16.796. There is placed on the fide of the Rule o- 
ver againſt 16.8 Number 1. which is one Root, and 
| potite to 33.6: Number 2, which is two Roots, 
and oppoſite to 50.4, if ſo many Inches on the Rule, 
; Number 3, and each of thoſe Numbers is divided 
} into tenths and hundredth parts. | 
| Suppale a Rule to be ſo divided, take theDimen- 
ſions of any Back or Cooler therewith, as if they 
were Inches and Tenths, &c. Ws 
— — Let the fide B be 33.6, and 28 
the fide A 50. 4. Now the Rule 
being divided as before directed, 
the ſide B will be 2, and the fide 
p — A will be 3. We will work it 
þ both ways and ſee the difference, if there be any. Si 
50.4=A | Example, e | 
33. B Bz=2- 


— 


1333 


1512 There are 33 Figures 
1512 in one Operation, and 
23 but 3 in the other, which 


16 6.00 Area makes the difference in 
282) 93.44 Working as TO to 1. | 


p . 2 
We ſhall fuppoſe another to have Decimals by — 
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new Rule. As the fide A to be 2.r, equat to 35.3 
on the line of Inches. And the fide B to be 1.45 


equal to 24.4 on the line of Inches: This we ſhall 
work both ways for another Example. 


35.3 A Example, Am2.T 


24:4=B B=1.45 
1412 — 3.0 
e 1 78 
706 The difference is here but 
2820861. 3203.05 T: parts of a Gallon which 
| I532 is little more than the quan- 
| I22 of a thimble full. 


| Let the fide A be 564.8 on the Line of Inches, 
| | which will be equal to 33.62 by the repeating the 
length of the Rule. And the fide B 32.6 Inches, 


equal to 20.01 on the new Line. 
8 A= 564.8 ä A= 33.62 
; 33 B==20.01 

33888 3352 
16944 | 6724 
11 16944 

— — 672.7362 Area. 

d 282) 189772.8 (671.9 Area 
le 2057 Here you ſee that one 
d, 832 of the largeſt Backs in 
de 2688 London is not 2 tenths, 


it 150 in 672 Gallons leſs. 

I Suppoſe you were to find the Area of a Cylinder, 
or any other Veſſel reduced into a Cylinder. You 
ſquare the Diameter and divide by 359, and the 
Ruot. is the Aurea in Beer. 

N Now by this new Rule (becauſe 18.95 is the 

res auge Point, or the Diameter of a Circle whoſe 

and Area is 282) I make 18.95 Number 2 on the Rule, 

ich Io that 37.9 will be Number 2, &c. 

in Let the Diameter of a Cylinder be 37.9 which 

ill be equal to Number 2 on the Rule. 
thus | - Diameter 
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Diameter 37.9 » | Diam. 2 on the new Rule 
E 4 aua! 
2653 ü amaug 
1137 | EVANS corn OY 
— — x In all other Caſes of 
359) 1436.41 (4.00 Area Circles it infallibly muft 


0041 anſwer. 
I ſball give one Example of Malt, and I think that will make 
ic clear to any unprejudictd Perſon, that the Rule is both exact 


And eaſie. 


The Square Inches allowed by Statute for a Buthel is 21 50. The 
Ndot of this Number is 46. 36 which is the ſide of a Square that 
holds a Buſhel of Malt upon an Inch in depth, therefore chat is 
made Number 1 on the Rule, which is placed exactly oppoſite 


to 46.36 Inches, and that divided into Decimal and Centeſimal 


parts as before, performs the lame work as the Line of Inches, 


and the ſet Diviſor 31504 


Example, Take the length and breadth of 4 Floorof Mal by 
nd. the length to be 370.8, and the 
breadrh 185.4, apply this Tape to your new divided Rule, and 


the length on the new Diviſions will be 8, and breadth 4. 80 
that if you had taken the length and breadth of the Floor with 


any Line, without any regard to Inches, but applying the Line 
to theſe new Diviſions, you would have found breadth 4 and 
length 8, which being multi plyed makes 32. equal to the Area ot 
the Floor of Malt at once. But we ſhall work it by Inches, and 
ice what difference there are. 2 


Tee $708 r 


Breadth 185.4 = Breadth® | Br (0 
* | — V " : | . a 
34632 32 Area. 8 
deer — 
e | | 
P -\ 


W Wn nay — £915 
2150) 68746.32 (35-97 


I The Reaſon of this) 
| being . oz ſhort is be- 
28963 cauſe I threw away, 
r ſome” Dec imals for 
8 "obs. 3% | . brevityes ſake in wor- 
ie. 639% 449987 + 465 TS 
The Rule and Tape with thoſe Divigons are Sold only by Mr. 
William Haddon, Inſtrument Maker, in ile-ſpur-ſtreet nest 
Nengure, who has the Original Standard from my Projectios, 
ocher but he. 6 AN 8 


PINI 8, 


30 £ of SG# vB 


— * 3. ; * - 
1  UADD 
4 ; \ 
SL FA. 4. * . 01 f 4 4 : g 3 & < „ 


- 


$6.7 "7+ 


— 


